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(54) Device for purifying exhaust gas of engine 

(57) A device for purifying the exhaust gas of an 
engine (1) having a plurality of cylinders divided into first 
(1a) and second (1b) cylinder groups, the first and the 
second cylinder groups being connected to first (7) and 
second (10) exhaust passage, respectively, and per- 
forming a lean operation, comprises an NH 3 synthesiz- 
ing catalyst (8) arranged in the first exhaust passage, 
and an exhaust gas purifying catalyst (14) arranged in 
an interconnecting passage (15). which interconnects 
the first passage downstream of the NH 3 synthesizing 
catalyst and the second exhaust passage, for purifying 
the inflowing NOx and NH 3 . An additional engine (19) 
performing a rich operation is provided and the exhaust 
gas thereof is fed to the first exhaust gas passage 
upstream of the NH 3 synthesizing catalyst to make the 
exhaust gas air-fuel ratio of the exhaust gas flowing into 
the NH 3 synthesizing catalyst rich, to thereby synthe- 
size NH 3 therein. An amount of NH 3 or NOx flowing into 
the exhaust gas purifying catalyst is obtained, and the 
additional engine is controlled in accordance with the 
obtained NH 3 or NOx amount to control the amount of 
the reducing agent flowing to the exhaust gas purifying 
catalyst 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

Technical Field of the Invention 

The present invention relates to a device for purifying an exhaust gas of an engine. 

2. Description of the Related Art 

If an air-fuel ratio of an air-fuel mixture in a combustion chamber of each cylinder is referred to as an engine air-fuel 
ratio, there is known an exhaust gas purifying device for an internal combustion engine with multi-cylinders, in which a 

15 three-way (TW) catalyst is arranged in the exhaust gas passage, and the engine air-fuel ratio is controlled to be stoichi- 
ometric or rich with respect to the stoichiometric air-fuel ratio. If the engine air-fuel ratio is made lean with respect to the 
stoichiometric air-fuel ratio, the TW catalyst does not purify nitrogen oxides NOx in the exhaust gas sufficiently, and the 
NOx is emitted to the ambient air. Accordingly, the exhaust gas purifying device mentioned above makes the engine air- 
fuel ratio to be stoichiometric or rich, to thereby purify NOx, in the TW catalyst, as much as possible. 

20 On the other hand, it is desirable to make the engine air-fuel ratio as lean as possible, to make a fuel consumption 
rate lower. However, if the engine air-fuel ratio is made lean, the above-mentioned exhaust gas purifying device cannot 
purify NOx sufficiently. To solve this problem, if a ratio of the total amount of air fed into the intake passage, the com- 
bustion chamber, and the exhaust passage upstream of a certain position in the exhaust passage to the total amount 
of fuel fed into the intake passage, the combustion chamber, and the exhaust passage upstream of the above-men- 

25 tioned position is referred to as an exhaust gas air-fuel ratio of the exhaust gas flowing through the certain position, Jap- 
anese Unexamined Patent Publication No. 4-365920 discloses an exhaust gas purifying device. for an internal 
combustion engine with multi-cylinders, the cylinders being divided into first and second cylinder groups, the first and 
second cylinder groups being respectively connected to first and second exhaust passage. In the device, the TW cata- 
lyst is arranged in the first exhaust passage, the TW catalyst synthesizing NH 3 from NOx in the inflowing exhaust gas 

30 when the exhaust gas air-fuel ratio of the inflowing exhaust gas is rich, and an exhaust gas purifying catalyst for purify- 
ing the inflowing NOx and the inflowing NH 3 is arranged in an interconnecting passage interconnecting the first exhaust 
passage downstream of the TW catalyst and the second exhaust passage. The first cylinder group performs a rich oper- 
ation in which the engine air-fuel ratio is made rich, and the second cylinder group performs a lean operation in which 
the engine air-fuel ratio is made lean. In the device, the fuel consumption rate is reduced by increasing the number of 

35 the cylinders in which the lean operation is to be performed, while NOx synthesized in the cylinders in which the lean 
operation is performed is purified in the exhaust gas purifying catalyst as much as possible, by using NH 3 which is syn- 
thesized by introducing the exhaust gas of the cylinders in which the rich operation is performed to the TW catalyst. 

However, if the first cylinder group performs the rich operation and the second cylinder group performs the lean 
operation, as mentioned above, a fluctuation in the output torque will increase, because the first and second cylinder 

40 groups have a common output shaft Especially, if the internal combustion engine is adapted for a vehicle such as an 
automobile, such an increased fluctuation may make the driver uncomfortable. 

If the output torques of the first and second cylinder groups are made substantially same, the torque fluctuation can 
be reduced. However, to make the output torque of the first cylinder group in which the rich operation is performed is 
made to be substantially the same as that of the second cylinder group in which the lean operation is performed, it is 

45 necessary to perform a complicated control on, for example, the fuel injection amount or the ignition timing, in each cyl- 
inder group. 

In order to solve the above problems, the Japanese Unexamined Patent Publication No. 8-4522 discloses an 
exhaust gas purifying device for an internal combustion engine, in which the first and the second cylinder groups per- 
form the lean operation, and an additional internal combustion engine performing the rich operation is provided, and the 

so exhaust gas of the additional engine is fed into the f irst exhaust passage upstream of the TW catalyst, to thereby make 
the exhaust gas air-fuel ratio of the exhaust gas flowing into the TW catalyst rich. In this device, the additional engine 
performs the rich operation to make the exhaust gas air-fuel ratio of the exhaust gas flowing into the TW catalyst rich. 
Thus, the fluctuation in the output torque in the first and the second cylinder groups is suppressed. Note that an output 
of the additional engine is used to, for example, drive an auxiliary machine such as an air-conditioner. 

55 However, an amount of NOx flowing into the exhaust gas purifying catalyst depends on an operating condition of 
the multi-cylinder engine, and an amount of NH 3 flowing into the exhaust gas purifying catalyst depends on an operating 
condition of the additional engine. Therefore, when the operating condition of the multi-cylinder engine or of the addi- 
tional engine changes, the NH 3 amount may become excessive to or be short with respect to the NOx amount flowing 
into the exhaust gas purifying catalyst. Namely, when the NH 3 amount becomes excessive to the NOx amount in the 
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exhaust gas purifying catalyst the NH 3 may be discharged from the exhaust gas purifying catalyst without being puri- 
fied. When the NH 3 amount becomes short with respect to the NOx amount, the NOx may be discharged from the 
exhaust gas purifying catalyst without being purified. 

5 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a device for purifying an exhaust gas of an engine capable of pre- 
venting the NH 3 amount from being excessive to or be in short with respect to the NOx amount in the exhaust purifying 
catalyst, while suppressing the fluctuation in the output torque. 

10 According to the one aspect of the present invention, there is provided a device for purifying an exhaust gas of an 
engine having a plurality of cylinders divided into first and second cylinder groups, the first and the second cylinder 
groups being connected to first and second exhaust passage, respectively, and performing a lean operation, the device 
comprising: an NH 3 synthesizing catalyst arranged in the first exhaust passage, the NH 3 synthesizing catalyst synthe- 
sizing NH 3 from at least a part of the NOx in the inflowing exhaust gas when the exhaust gas air-fuel ratio of the inflow- 

75 ing exhaust gas is rich, and passing through NOx in the inflowing exhaust gas when the exhaust gas air-fuel ratio of the 
inflowing exhaust gas is lean; an interconnecting exhaust passage interconnecting the first passage downstream of the 
NH 3 synthesizing catalyst and the second exhaust passage; an exhaust gas purifying catalyst arranged in the intercon- 
necting passage for purifying the inflowing NOx an ^ NH 3 ; rich 9 as forming means, which is different from the engine, 
for supplying a reducing agent to the first exhaust gas passage upstream of the NH 3 synthesizing catalyst to make the 

20 exhaust gas air-fuel ratio of the exhaust gas flowing into the NH 3 synthesizing catalyst rich; and reducing agent amount 
control means for obtaining an amount of NH 3 or NOx flowing into the exhaust gas purifying catalyst, and controlling the 
rich gas forming means in accordance with the obtained NH 3 or NO* amount to control the amount of the reducing 
agent supplied into the first exhaust passage to control the amount of the reducing agent flowing to the exhaust gas 
purifying catalyst 

25 According to the another aspect of the present invention, there is provided a device for purifying an exhaust gas of 
an engine performing a lean operation, the device comprising: rich gas forming means, which is different from the 
engine, for forming the exhaust gas of which the exhaust gas air-fuel ratio is rich; an NH 3 synthesizing catalyst con- 
nected to the rich gas forming means, the NH 3 synthesizing catalyst synthesizing NH 3 from at least a part of NOx in the 
inflowing exhaust gas when the exhaust gas air-fuel ratio of the inflowing exhaust gas is rich, and passing through NOx 

30 in the inflowing exhaust gas when the exhaust gas air-fuel ratio of the inf towing exhaust gas is lean; an interconnecting 
exhaust passage interconnecting the exhaust gas of the engine and that discharged from the NH 3 synthesizing catalyst; 
an exhaust gas purifying catalyst arranged in the interconnecting passage for purifying the inflowing NOx a °d the 
inflowing NH 3 ; and reducing agent amount control means for obtaining an amount of NH 3 or NOx flowing into the 
exhaust gas purifying catalyst, and controlling the rich gas forming means in accordance with the obtained NH 3 or NOx 

35 amount to control the amount of the reducing agent supplied into the interconnecting passage upstream of the exhaust 
gas purifying catalyst 

The present invention may be more fully understood from the description of the preferred embodiments of the 
invention as set forth below, together with the accompanying drawings. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Fig. 1 is a general view of an engine; 
45 Fig. 2A is a diagram illustrating a characteristic of the TW catalyst; 

Fig. 2B is a diagram illustrating an amount of NOx discharged from a cylinder per unit time; 

Fig. 3 schematically illustrates the exhaust gas purifying method of the exhaust gas purifying device shown in Fig. 
1; 

Figs. 4A and 4B are diagrams illustrating a rich air-fuel ratio (A/F)RB; 
so Figs. 5A and 5B are diagrams illustrating a coefficient RK; 

Fig. 6 schematically illustrates the exhaust gas purifying method of the exhaust gas purifying device shown in Fig. 
1; 

Fig. 7 is a time chart illustrating an amount of NH 3 adsorbed in the NH 3 -AO catalyst, a condition of the switching 
valve, and target air-fuel ratios of the main and the auxiliary engines; 
55 Figs. 8A and 8B are diagrams illustrating an amount of NO* discharged from the first cylinder group per unit time; 
Figs. 9A and 9B are diagrams illustrating an amount of NOx discharged from the auxiliary engine per unit time; 
Fig. 1 0 is a diagram illustrating a correction coefficient RKK; 
Fig. 11 is a diagram illustrating a conversion efficiency of the TW catalyst; 

Figs. 1 2A and 1 2B are diagrams illustrating an amount of NOx discharged from the second cylinder group per unit 
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time; 

Fig. 1 3 is a diagram illustrating an equivalent coefficient; 

Figs. 14A and 14B are diagrams illustrating an amount of NH 3 desorbed from the NH 3 -AO catalyst per unit time; 

Fig. 1 5 is a flow chart for controlling the switching valve; 
5 Fig. 1 6 is a flow chart for calculating the fuel injection time of the main engine; 

Fig. 1 7 is a flow chart for calculating the fuel injection time of the auxiliary engine; 

Figs. 18A and 18B arediagrams illustrating the threshold TH during the NH 3 synthesizing operation; 

Fig. 19 is a diagram illustrating the threshold TH during the stoppage of the NH 3 synthesizing operation; 

Fig. 20 is a flow chart for controlling the engine air-fuel ratio of the main engine according to another embodiment; 
io Fig. 21 is a general view of an engine according to further another embodiment; 

Figs. 22 and 23 schematically illustrate the exhaust gas purifying method of the exhaust gas purifying device shown 

in Fig. 21; 

Fig. 24 is a flow chart for controlling the burner according to the embodiment shown in Fig. 21 ; 
Hg. 25 is a diagram illustrating an amount of NOx discharged from the burner per unit time; 
is Fig. 26 is a flow chart for controlling the opening degree of the intake air control valve; 

Fig. 27 is a diagram illustrating the characteristic of the exhaust gas purifying catalyst according to further another 
embodiment; 

Fig. 28 is a general view of an engine according to further another embodiment; 

Figs. 29 and 30 schematically illustrate the exhaust gas purifying method of the exhaust gas purifying device shown 
20 in Fig. 28; 

Fig. 31 is a time chart illustrating an amount of NOx occluded in the NOx-OR catalyst, and target air-fuel ratios of 
the main and the auxiliary engines; 

Fig. 32 is a flow chart for controlling the NOx release operation in the embodiment shown in Fig. 28; 
Figs. 33A and 33B are diagrams illustrating an amount of NOx released from the NOx-OR catalyst per unit time; 
25 Fig. 34 is a flow chart for calculating the fuel injection time of the main engine in the embodiment shown in Fig. 28; 
Fig. 35 is a flow chart for calculating the fuel injection time of the auxiliary engine in the embodiment shown in Fig. 
28; 

Fig. 36 is a general view of the engine according to further another embodiment; 

Figs. 37 and 38 schematically illustrate the exhaust gas purifying method of the exhaust gas purifying device shown 
30 in Fig. 36; 

Fig. 39 is a time chart illustrating an amount of NH 3 adsorbed in the NH 3 -AO catalyst and the operating condition 
of the burner; 

Fig. 40 is a flow chart for controlling the burner in the embodiment shown in Fig. 36; 

Figs. 41 A and 41 B are diagrams illustrating an amount of NOx discharged from the main engine per unit time; 
35 Fig. 42 is a general view of the engine according to further another embodiment; 

Figs. 43 and 44 schematically illustrate the exhaust gas purifying method of the exhaust gas purifying device shown 
in Fig. 42; 

Fig. 45 is a flow chart for controlling the NOx release operation in the embodiment shown in Fig. 42; and 

Fig. 46 is a flow chart for calculating the fuel injection time of the main engine in the embodiment shown in Fig. 42. 

40 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In general, nitrogen oxides NOx includes nitrogen monoxide NO, nitrogen dioxide N0 2 , dinitrogen tetraoxide N 2 0 4 , 
dinitrogen monoxide N 2 O f etc. The following explanations are made referring NOx mainly as nitrogen monoxide NO 
45 and/or nitrogen dioxide N0 2 , but a device for purifying an exhaust gas according to the present invention can also purify 
the other nitrogen oxides. 

Fig. 1 shows the case where the present invention is applied to an internal engine of the spark ignition type. How- 
ever, the present invention may be applied to a diesel engine. 

Referring to Fig. 1 , an engine body 1 has four cylinders, i.e. , a first cylinder #1 , a second cylinder #2, a third cylinder 
so #3, and a fourth cylinder #4. Each cylinder #1 to #4 is connected to a common surge tank 3, via a corresponding intake 
branch 2, and the surge tank 3 is connected to an air-cleaner (not shown) via an intake duct 4. In each intake branch 2. 
a fuel injector 5 is arranged to feed fuel to the corresponding cylinder. Further, a throttle valve 6 is arranged in the intake 
duct 4, an opening of which becomes larger as the depression of an acceleration pedal (not shown) becomes larger. 
Note that the fuel injectors 5 are controlled in accordance with the output signals output from an electronic control unit 
55 40. 

The first cylinder #1 is connected to a catalytic converter 9 housing an NH 3 synthesizing catalyst 8 therein, via an 
exhaust pipe 7. On the other hand, the second cylinder #2, the third cylinder #3 and the fourth cylinder #4 are connected 
to a common exhaust manifold 1 0. In the engine shown in Fig. 1 , the first cylinder #1 composes the first cylinder group 
1a. The second cylinder #2, the third cylinder #3 and the fourth cylinder #4 compose a second cylinder group 1b. 
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Accordingly, exhaust gas discharged from the first cylinder group 1a is introduced to the NH 3 synthesizing catalyst 8. 
The converter 9 and the exhaust manifold 10 are connected to a catalytic converter 15 housing an exhaust purifying 
catalyst 14 therein, via a common interconnecting exhaust pipe 13. 

Further referring to Fig. 1 , in the exhaust pipe 7, there is provided a rich gas forming device 1 9 which feeds a reduc- 

5 ing agent into the exhaust pipe 7 to make an exhaust gas air-fuel ratio (described later) of the exhaust gas flowing to 
the NH 3 synthesizing catalyst 8 rich: In this embodiment, the rich gas forming device 19 comprises an auxiliary internal 
combustion engine 20 having an output shaft different from that of the engine 1. In an intake duct 21 of this auxiliary 
engine 20, there are provided a throttle valve 22 and a fuel injector 23. In this embodiment, the auxiliary engine is a 
spark ignition type engine with a single cylinder. However, the auxiliary engine 20 may be composed of a multi-cylinder 

io engine, or of a diesel engine. 

An exhaust pipe 24 of the auxiliary engine 20 is selectively connected via a switching valve 25 to one of the exhaust 
gas introducing pipes 26 and 27. The switching valve 25 is driven by an electrical or a negative pressure type actuator 
28. The introducing pipe 26 is connected to the exhaust pipe 7 of the first cylinder group 1a. Accordingly, when the 
switching valve 25 is turned ON and the exhaust pipe 24 is connected to the introducing pipe 26, exhaust gas of the 

75 auxiliary engine 20 is introduced into the exhaust pipe 7. The introducing pipe 27 is connected to a catalytic converter 
30 housing an exhaust gas purifying catalyst for the auxiliary engine 29 therein. Therefore, when the switching valve 25 
is turned OFF and the exhaust pipe 24 is connected to the introducing pipe 27, the exhaust gas of the auxiliary engine 
20 is introduced into the exhaust gas purifying catalyst 29. Note that the fuel injector 23 and the actuator 28 are respec- 
tively controlled in accordance with an output signal output from the electronic control unit 40. 

20 An output of the engine 1 is used for, for example, driving a vehicle. On the other hand, an output of the auxiliary 

engine 20 is used for driving an auxiliary machine 31 . The engine 1 is referred to as a main engine, hereinafter. Exam- 
ples of the usable auxiliary machines 31 are: a cooling unit for a refrigerated vehicle, a mixer used for a concrete mixer 
vehicle, an air-conditioner used for a bus, and a generator for generating electric power of an electric motor of a hybrid 
type vehicle having an electric motor in addition to an internal combustion engine. In this case, the degree of opening 

25 of the throttle valve 22 is controlled in accordance with an output required of the auxiliary machine 31 . Alternatively, the 
auxiliary machine 31 may be composed of a cooling water pump, an oil pump, or an alternator. 

The electronic control unit (ECU) 40 is composed of a digital computer, which includes a ROM (read only memory) 
42, RAM (random-access memory) 43. CPU (microprocessor) 44, input port 45 and output port 46. and these units are 
connected to each other via a bidirectional bus 41. The surge tank 3 is provided with a pressure sensor 47 which gen- 

30 erates an output voltage proportional to the pressure in the surge tank 3. The output voltage of this pressure sensor 47 
is input into the input port 45 via an AD converter 48. In the CPU 44, an intake air amount of the main engine 1 is cal- 
culated in accordance with the output signal of the AD converter 48. In the exhaust pipe 7 upstream of the outlet of the 
introducing pipe 26, and in the collecting portion of the exhaust manifold 10, there are respectively provided air-fuel ratio 
sensors 49 and 50 which generate output voltages in accordance with the exhaust gas air-fuel ratios (described later) 

35 flowing through the respective positions. The output voltages of these air-fuel ratio sensors 49 and 50 are input into the 
input port 45 via the corresponding AD converters 51 and 52. The crank angle sensor 53, which generates an output 
pulse whenever the crank shaft of the main engine 1 rotates by, for example, 30 degrees, is connected to the input port 
45. In the CPU 44, an engine speed of the main engine 1 is calculated in accordance with this output pulse. 

In the intake duct 21 downstream of the throttle valve 22 of the auxiliary engine 20, there is provided a pressure 

40 sensor 54 generating an output voltage proportional to the pressure in the intake duct 21. The output voltage of this 
pressure sensor 54 is input into the input port 45 via the AD converter 55. In the CPU 44, an intake air amount of the 
auxiliary engine 20 is calculated in accordance with the output signal of the AD converter 55. In the exhaust pipe 24. 
there is provided an air-fuel ratio sensor 56 generating an output voltage in accordance with the exhaust gas air-fuel 
ratio of the exhaust gas flowing at this position. The output voltage of this air-fuel ratio sensor 56 is input into the input 

45 port 45 via the AD converter 57. The crank angle sensor 58, which generates an output pulse whenever the crank shaft 
of the auxiliary engine 20 rotates by, for example, 30 degrees, is connected to the input port 45. In the CPU 44, an 
engine speed of the auxiliary engine 20 is calculated in accordance with this output pulse. 

In the exhaust pipe 7 downstream of the outlet of the introducing pipe 26, and in the interconnecting portion of the 
interconnecting pipe 13. there are respectively provided temperature sensors 60 and 61 which respectively generate 

so output voltages proportional to the temperature of the exhaust gas flowing into the respective positions. The output volt- 
ages of these temperature sensors 60 and 61 are input into the input port 45 via the corresponding AD converters 62 
and 63. 

On the other hand, the output port 46 is respectively connected to each fuel injector 5 of the main engine 1 . the fuel 
injector 23 of the auxiliary engine 20 and the actuator 28 via the corresponding drive circuits 59. 
55 In the embodiment shown in Fig. 1 , the NH 3 synthesizing catalyst 8 is comprised of a three-way (TW) catalyst 8a. 
The TW catalyst 8a is comprised of precious metals such as palladium Pd, platinum Pt, and rhodium Rh, carried on a 
wash-coat layer of, for example, alumina, formed on a surface of a substrate. 

Fig. 2(A) illustrates the purifying efficiency of the exhaust gas of the TW catalyst 8a. If a ratio of the total amount of 
air fed into the intake passage, the combustion chamber and the exhaust passage upstream of a certain position in the 
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exhaust passage, to the total amount of fuel fed into the intake passage, the combustion chamber and the exhaust pas- 
sage upstream of the above-mentioned position, is referred to as an exhaust gas air-fuel ratio of the exhaust gas flowing 
thresh the certain position, Fig. 2(A) shows that the TW catalyst 8a passes the inflowing NOx when the exhaust gas 
air-fuel ratio of the inflowing exhaust gas is lean with respect to the stoichiometric air-fuel ratio (A/F)S, which is about 
5 14.6 and the air-excess ratio X = 1 .0, and synthesizes NH 3 from the inflowing NOx when the exhaust gas air-fuel ratio 
of the inflowing exhaust gas is rich with respect to the stoichiometric air-fuel ratio (A/F)S. The NH 3 synthesizing function 
of the TW catalyst 8a is unclear, but it can be considered that some NOx in tne exhaust gas of which the exhaust gas 
air-fuel ratio is rich is converted to NH 3 according to the following reactions (1) and (2), that is: 

10 5H2 + 2NO 2NH 3 + 2H 2 0 (1) 

7H 2 + 2N0 2 2NH 3 + 4H 2 0 (2) 

On the contrary, it is considered that the other NOx is reduced to the nitrogen N 2 according to the following reactions 
is (3) to (6). that is: 

2CO + 2NO-»N 2 +2C0 2 (3) 

2H 2 + 2NO -> N 2 + 2H 2 0 (4) 

20 

4CO + 2N0 2 N 2 + 4C0 2 (5) 

4H 2 +2N02-*N 2 + 4H 2 0 (6) 

25 Accordingly, NOx flowing into the TW catalyst 8a is converted to either NH 3 or N 2 when the exhaust gas air-fuel ratio of 
the inflowing exhaust gas is rich, and thus NOx * s prevented from being discharged from the TW catalyst 8a. 

As shown in Fig. 2(A). an efficiency ETA of the NH 3 synthesizing from the inflowing NOx in tne TW catalyst 8a 
becomes higher as the exhaust gas air-fuel ratio of the inflowing exhaust gas becomes lower or richer with respect to 
the stoichiometric air-fuel ratio, and is kept constant when the exhaust gas air-fuel ratio of the inflowing exhaust gas 

30 becomes even lower. In the example shown in Fig. 2(A), the NH 3 synthesizing efficiency ETA is kept constant when the 
exhaust gas air-fuel ratio of the inflowing exhaust gas equals or is smaller than about 13.8, where the air-excess ratio 
X is about 0.95. 

On the other hand, if an air-fuel ratio of an air-fuel mixture in a combustion chamber of each cylinder is referred to 
as an engine air-fuel ratio, the NOx amount exhausted from each cylinder per unit time depends on the engine air-fuel 

35 ratio, as shown in Fig. 2(B). 

Note that, in the engine shown in Fig. 1 , when the exhaust gas air-fuel ratio of the exhaust gas flowing in the TW 
catalyst 8a is rich it is desired to synthesize NH 3 as much as possible, and to purify unburned hydrocarbon HG and car- 
bon monoxide CO as much as possible, because of the reasons described below. Accordingly, a three-way catalyst car- 
rying palladium Pd of which the NH 3 synthesizing efficiency is high, or cerium Ce which has an oxygen adsorption 

40 function, is used as the TW catalyst 8a. Further, note that a TW catalyst carrying rhodium Rh suppresses the synthesis 
of NH 3 therein, and a three-way catalyst without rhodium Rh is desired to be used as the TW catalyst 8a. 

The exhaust gas purifying catalyst 14 is for purifying both NH 3 and NOx in * ne inflowing exhaust gas simultane- 
ously. The exhaust gas purifying catalyst 14 is not necessarily provided with an NH 3 adsorbing function, however, the 
exhaust gas purifying catalyst 14 of the present embodiment is composed of an NH 3 adsorbing and oxidizing (NH 3 -AO) 

45 catalyst 14a having both the NH 3 adsorbing function and catalytic function. That is, the NH 3 -AO catalyst 14a of the 
present embodiment forms both the exhaust gas purifying catalyst and an adsorbent for temporarily adsorbing NH 3 in 
the inflowing exhaust gas therein. The NH 3 -AO catalyst 1 4a is comprised of a so-called zeolite denization catalyst, such 
as zeolite carrying copper Cu thereon, zeolite carrying platinum Pt and copper Cu, and zeolite carrying iron Fe thereon, 
which is carried on a surface of a substrate. Alternatively, the NH 3 -AO catalyst 14a may be comprised of a solid acid 

so such as zeolite, silica, silica-alumina, and titania, carrying the transition metals such as iron Fe and copper Cu or pre- 
cious metals such as platinum Pt. palladium Pd and rhodium Rh, or carrying at least two of them. Alternatively, the 
exhaust gas purifying catalyst 14 may be comprised of a catalyst containing at least a precious metal (referred to as a 
precious metal catalyst), or of the combination of the precious metal catalyst and the NH 3 -AO catalyst. 

The NH 3 -AO catalyst 14a adsorbs NH 3 in the inflowing exhaust gas, and desorbs the adsorbed NH 3 when the NH 3 

55 concentration in the inflowing exhaust gas becomes lower, or when the inflowing exhaust gas includes NOx- At this 
time, if the NH 3 -AO catalyst 14a is in the oxidizing atmosphere, that is, if the exhaust gas air-fuel ratio of the inflowing 
exhaust gas is lean, the NH 3 -AO catalyst 14a oxidizes all the NH 3 desorbed therefrom. Also, if the inflowing exhaust 
gas includes both NH 3 and NOx, the NHs-AO catalyst 14a oxidizes NH 3 by NOx- In these cases, the NH 3 oxidizing func- 
tion has a portion which has been unclear, but it can be considered that the NH 3 oxidation occurs according to the fol- 
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lowing reactions (7) to (10). that is: 



4NH 3 + 70 2 -> 4N0 2 + 6H 2 0 



(7) 



5 



4NH 3 + 50 2 -> 4NO + 6H 2 0 



(8) 



8NH 3 + 6N0 2 -> 12H 2 0 + 7N 2 



(9) 



4NH 3 + 4NO + 0 2 6H 2 0 + 4N2 



(10) 



10 



The reactions (9) and (10), which are denization, reduce both NOx produced in the oxidation reactions (7) and (8), and 
NOx in the exhaust gas flowing to the NH 3 -AO catalyst 1 4a. Note that the exhaust gas purifying catalyst 1 4 and the NH 3 
adsorbent may be separately provided, and the NH 3 adsorbent may be arranged upstream of the exhaust gas purifying 
catalyst 14. 

15 In the main engine 1 shown in Fig. 1 , the fuel injection time MTAU is calculated by the following equation: 



MTB represents a basic fuel injection time suitable for making the engine air-fuel ratio of each cylinder equal to the sto- 
20 ichiometric air-fuel ratio (A/F)S, and is calculated by the following equation: 



where MQ represents an intake air amount of the main engine 1 , MN represents the engine speed of the main engine 
25 1 , and K represents a constant. Accordingly, the basic fuel injection time MTB is a product of the intake air amount per 
unit engine speed, and the constant 

M(A/F)T represents a target value of the control of the engine air-fuel ratio of each cylinder of the main engine 1 . 
i.e.. a target air-fuel ratio. When the target air-fuel ratio M(A/F)T is made larger to make the engine air-fuel ratio lean 
with respect to the stoichiometric air-fuel ratio (A/F)S. the fuel injection time MTAU is made shorter and thereby the fuel 
30 amount to be injected is decreased. When the target air-fuel ratio (A/F)T is made smaller to make the engine air-fuel 
ratio rich with respect to the stoichiometric air-fuel ratio (A/F)S, the fuel injection time MTAU is made longer and thereby 
the fuel amount to be injected is increased. Note that, in this embodiment, the target air-fuel ratio M(A/F)T of the engine 
air-fuel ratio of each cylinder of the main engine 1 is made common to all cylinders of the first cylinder group 1 a and the 
second cylinder group 1b. This reduces the torque fluctuation of the main engine 1. 
35 MFAF represents a feedback correction coefficient for making the actual engine air-fuel ratio of each cylinder of the 
main engine 1 equal to the target air-fuel ratio M(A/F)T. When the fuel injection time MTAU of the first cylinder #1 which 
composes the first cylinder group 1a is calculated, this feedback correction coefficient MFAF is made to be MFAFA. 
When the fuel injection time MTAU of each of the second cylinder #2, the third cylinder #3 and the fourth cylinder #4, 
which compose the second cylinder group lb, is calculated, this feedback correction coefficient MFAF is made to be 



The feedback correction coefficient MFAFA is determined in accordance with the output signal of the air-fuel ratio 
sensor 49. The exhaust gas air-fuel ratio of the exhaust gas in the exhaust pipe 7 detected by the air-fuel ratio sensor 
49 conforms to the engine air-fuel ratio of the first cylinder group 1a. When the exhaust gas air-fuel ratio detected by 
the air-fuel ratio sensor 49 is leaner than the target air-fuel ratio M(A/F)T, the feedback correction coefficient MFAFA is 

45 made larger and thereby the fuel amount to be injected is increased. When the exhaust gas air-fuel ratio detected by 
the air-fuel ratio sensor 49 is richer than the target air-fuel ratio M(A/F), the feedback correction coefficient MFAFA is 
made smaller and thereby the fuel amount to be injected is reduced. In this way, the engine air-fuel ratio of the first cyl- 
inder group la is made equal to the target air-fuel ratio M(A/F)T. 

The exhaust gas air-fuel ratio of the exhaust gas in the exhaust gas manifold 1 0 conforms to the engine air-fuel ratio 

so of the second cylinder group 1b. When the exhaust gas air-fuel ratio detected by the air-fuel ratio sensor 50 is leaner 
than the target air-fuel ratio M(A/F). the feedback correction coefficient MFAFB is made larger and thereby the fuel 
amount to be injected is increased. When the exhaust gas air-fuel ratio detected by the air-fuel ratio sensor 50 is richer 
than the target air-fuel ratio M(A/F), the feedback correction coefficient MFAFB is made smaller and thereby the fuel 
amount to be injected is reduced. In this way. the engine air-fuel ratio of the second cylinder group 1b is made equal to 

55 the target air-fuel ratio M(A/F)T. 

On the other hand, in the auxiliary engine 20 shown in Fig. 1 , the fuel injection time ATAU is calculated by the fol- 
lowing equation: 



MTAU = MTB • ((A/F)S/M(A/F)T) • MFAF 



MTB = (MQ/MN) • K 



40 



MFAFB. 



ATAU = ATB • ((A/F)S/A(A/F)T) • AFAF 
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ATB represents a basic fuel injection time suitable for making the engine air-fuel ratio of the cylinder of the auxiliary 
engine 20 equal to the stoichiometric air-fuel ratio (A/F)S, and is calculated by the following equation: 

ATB = (AQ/AN) • K 

5 

where AQ represents an intake air amount of the auxiliary engine 20, and AN represents the engine speed of the aux- 
iliary engine 20. 

A(A/F)T represents a target air-fuel ratio of the engine air-fuel ratio in the auxiliary engine 20. AFAF represents a 
feedback correction coefficient for making the actual engine air-fuel ratio of the auxiliary engine 20 equal to the target 

to air-fuel ratio A(A/F)T. The feedback correction coefficient AFAFA is determined in accordance with the output signal of 
the air-fuel ratio sensor 56. The exhaust gas air-fuel ratio of the exhaust gas in the exhaust manifold 1 0 detected by the 
air-fuel ratio sensor 56 conforms to the engine air-fuel ratio of the auxiliary engine 20. When the exhaust gas air-fuel 
ratio detected by the air-fuel ratio sensor 56 is leaner than the target air-fuel ratio A(A/F)T, the feedback correction coef- 
ficient AFAFA is made larger and thereby the fuel amount to be injected is increased. When the exhaust gas air-fuel 

is ratio detected by the air-fuel ratio sensor 56 is richer than the target air-fuel ratio A(A/F), the feedback correction coef- 
ficient AFAFA is made smaller and thereby the fuel amount to be injected is reduced. In this way, the engine air-fuel ratio 
of the auxiliary engine 20 is made equal to the target air-fuel ratio A(A/F)T. Note that the feedback correction coefficients 
MFAFA, MFAFB and AFAF fluctuate around 1 .0, respectively. 

For each air-fuel ratio sensor 49, 50, 56, an air-fuel ratio sensor generating an output voltage which corresponds to 

20 the exhaust gas air-fuel ratio over a broader range of the exhaust gas air-fuel ratio may be used. 

The main engine 1 usually performs a lean operation. That is, the target air-fuel ratio M(A/F)T of the main engine 1 
is usually kept at a lean air-fuel ratio (A/F)L which is leaner than the stoichiometric air-fuel ratio (A/F)S. In this case, the 
lean air-fuel ratio (A/F)L may be arbitrarily determined, however, in this embodiment the lean air-fuel ratio (A/F)L is 
determined to be a constant, such as 18.5, regardless of the operating condition of the main engine 1. When the main 

25 engine 1 performs the lean operation continuously, it is possible to reduce the fuel consumption rate of the main engine 
1 . Note that a stoichiometric operation, in which a target air-fuel ratio is made equal to the stoichiometric air-fuel ratio 
(A/F)S. may be performed in, for example, the accelerating operation of the engine to ensure a larger engine output 

If the exhaust gas exhausted when the main engine 1 performs the lean operation is directly introduced to the TW 
catalyst or the NH 3 -AO catalyst, it is impossible to purify NOx in the exhaust gas sufficiently. Therefore. NH 3 is synthe- 

30 sized from NOx contained in the exhaust gas of the main engine 1 or the auxiliary engine 20, and NOx is reduced by 
thus synthesized NH3. This is the basic concept of the exhaust gas purifying method of the present invention. Next, 
referring to Figs. 3 and 6, the exhaust gas purifying method of the present embodiment will be explained in detail. 

Fig. 3 is a schematic illustration of the basic exhaust gas purifying method of the present embodiment. Since the 
first cylinder group 1 a performs the lean operation as described above, the exhaust gas air-fuel ratio of the exhaust gas 

35 discharged from the first cylinder group 1a is lean. If this exhaust gas is introduced to the TW catalyst 8a as it is, the 
TW catalyst 8a does not synthesize NH 3 . Therefore, the auxiliary engine 20 is made to perform a rich operation in which 
the target air-fuel ratio is richer than the stoichiometric air-fuel ratio (A/F)S, to form the exhaust gas of which the exhaust 
gas air-fuel ratio is rich, and the switching valve 25 is turned ON, and the exhaust gas is fed to the exhaust pipe 7 via 
the switching valve 25 and the exhaust gas introducing pipe 26, to thereby make the exhaust gas air-fuel ratio of the 

40 exhaust gas flowing to the TW catalyst 8a rich. In other words, the reducing agent is formed by an exhaust gas dis- 
charged from the auxiliary engine 20 performing the rich operation, and the reducing agent is fed into the exhaust gas 
discharged from the first cylinder group 1 a, to thereby make the exhaust gas air-fuel ratio of the exhaust gas flowing into 
the TW catalyst 8a is made rich. 

When the exhaust gas air-fuel ratio of the exhaust gas flowing into the TW catalyst 8a is rich, NH 3 is synthesized 

45 from NOx in * ne inflowing exhaust gas by the reactions expressed by the aforementioned equations (1) and (2). The 
NH 3 then flows to the NH 3 -AO catalyst 14a via the interconnecting pipe 1 3. On the other hand, NOx in the exhaust gas 
discharged from the second cylinder group 1 b flows to the NH 3 - AO catalyst 1 4a via the interconnecting pipe 1 3. 

Accordingly, both the exhaust gas discharged from the TW catalyst 8a and that from the second cylinder group 1b 
flow to the NH3-AO catalyst 14a. In this case, since the exhaust gas air-fuel ratio of the exhaust gas from the second 

so cylinder group 1b is lean and an amount of the exhaust gas from the second cylinder group 1b is relatively large, the 
exhaust gas air-fuel ratio of the entire exhaust gas flowing to the NH 3 -AO catalyst 1 4a is always maintained lean. Thus, 
at the NH3-AO catalyst 1 4a, NOx and NH 3 in the exhaust gas flowing to the NH 3 -AO catalyst 1 4a is purified by the reac- 
tions expressed by the aforementioned equations (7) through (10). Accordingly, it is possible to prevent NOx and NH 3 
from being discharged into the ambient air. Note that the exhaust gas flowing into the NH 3 -AO catalyst 14a contains 

55 unburned hydrocarbon HC, carbon monoxide CO. and hydrogen H 2 . It is considered that the HC and CO, etc. contained 
in the exhaust gas may act as a reducing agent as in the same manner as NH 3 , and reduce some NOx a * * ne NH 3 -AO 
catalyst 14a. However, the reducing ability of NH 3 is stronger than that of HC and CO, etc. Accordingly, when NH 3 is 
used as a reducing agent, NOx is more sufficiently reduced. 

The rich air-fuel ratio (A/F)R of the auxiliary engine 20 may be arbitrarily determined', as long as the exhaust gas 
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air-fuel ratio of the exhaust gas flowing into the TW catalyst 8a is kept rich. However, in this embodiment, the rich air- 
fuel ratio (A/F)R is determined to make the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a 
at a predetermined rich air-fuel ratio (A/F)RR, for example, 13.8. Accordingly, NH 3 is synthesized more effectively, while 
the fuel consumption rate is reduced. 

5 To keep the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a constant, an amount of the 

reducing agent to be fed to the exhaust gas of the first cylinder group 1a per unit time must increase as an amount of 
the exhaust gas discharged from the first cylinder group 1a per unit time increases. On the other hand, as the rich air- 
fuel ratio (A/F)R for the auxiliary engine 20 is made smaller or richer in this embodiment, the amount of the reducing 
agent fed from the auxiliary engine 20 to the exhaust gas of the first cylinder group 1a increases. 

io Fig. 4 illustrates the relationships, obtained by experiments, between the rich air-fuel ratio (A/F)RB of the auxiliary 
engine 20 suitable for keeping the exhaust gas air-fuel ratio of the exhaust gas flowing into the TW catalyst 8a at the 
rich air-fuel ratio (A/F)RR, and the engine load MQ/MN and the engine speed MN of the main engine 1 , under the con- 
stant operating condition of the auxiliary engine 20, that is, the constant engine load AO/AN and the constant engine 
speed AN. In Fig. 4(A), the curves show the identical rich air-fuel ratio (A/F)RB. As can be seen in Fig. 4(A), when the 

is engine load MQ/MN of the main engine 1 becomes larger, an amount of the exhaust gas discharged from the first cyl- 
inder group 1a per unit time increases, and thus the rich air-fuel ratio (A/F)RB becomes smaller. When the engine 
speed MN of the main engine 1 increases, an amount of the exhaust gas discharged from the first cylinder group 1a per 
unit time increases, and thus the rich air-fuel ratio (A/F)RB becomes smaller. The rich air-fuel ratio (A/F)RB is stored in 
advance in the ROM 42 in the form of a map shown in Fig. 4(B). 

20 On the other hand, also when the operating condition of the auxiliary engine 20 fluctuates, an amount of the reduc- 
ing agent fed from the auxiliary engine 20 fluctuates. That is, when an amount of the exhaust gas discharged from the 
auxiliary engine 20 per unit time increases, an amount of the reducing agent fed from the auxiliary engine 20 per unit 
time increases. Therefore, a coefficient RK is adopted which increases as the amount of the exhaust gas discharged 
from the auxiliary engine 20 per unit time increases, and the rich air-fuel ratio (A/F)R for the auxiliary engine 20 in which 

25 the rich operation is performed is calculated by multiplying the coefficient RK with the aforementioned rich air-fuel ratio 
(A/F)RB. 

Fig. 5(A) illustrates the relationships, obtained by experiments, between the coefficient RK suitable for keeping the 
exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a at (A/F)RR, and the engine load AQ/AN and 
the engine speed AN of the auxiliary engine 20, under the constant rich air-fuel ratio (A/F)RB. In Fig. 5(A), each curve 
30 shows the identical coefficient RK. As can be seen in Fig. 5(A), as the engine load AQ/AN increases, an amount of the 
exhaust gas discharged from the auxiliary engine 20 per unit time increases, and thus the coefficient RK also increases. 
When the engine speed AN increases, an amount of the exhaust gas discharged from the auxiliary engine 20 per unit 
time increases, and thus the coefficient RK increases. This coefficient RK is stored in ROM 42 in advance in the form 
of a map shown in Fig. 5(B). 

35 As described above, at the NH 3 -AO catalyst 1 4a. NOx discharged from the second cylinder group 1 b is reduced by 
NH 3 from the TW catalyst 8a. In this case, if an amount of NH 3 flowing to the NH 3 -AO catalyst 14a is smaller than that 
of NH 3 necessary for purifying NOx flowing to the NH 3 -AO catalyst 14a, NOx f| ows out from the NH 3 -AO catalyst 14a 
without being purified. On the contrary, even if an amount of NH 3 flowing to the NH 3 -AO catalyst 1 4a is much larger than 
the amount of NH 3 necessary for purifying NOx flowing to the NH 3 -AO catalyst 1 4a, the excess NH 3 is adsorbed in the 

40 NH 3 -AO catalyst 14a. Therefore, both NOx and NH 3 are prevented from flowing out of the NH 3 -AO catalyst 14a. 
Accordingly, the exhaust gas air-fuel ratio (A/F)RR of the exhaust gas flowing to the TW catalyst 8a is determined to 
make the amount of NH 3 flowing to the NH 3 -AO catalyst 14a equal to or larger than the amount of NH 3 necessary for 
purifying NOx flowing to the NH 3 -AO catalyst 1 4a. 

However, as shown in Fig. 3. rf the exhaust gas of the auxiliary engine 20 is continuously fed into the exhaust pipe 

45 7 to continuously perform the NH 3 synthesizing operation in the TW catalyst 8a and thereby the excess NH 3 is contin- 
uously adsorbed in the NH 3 -AO catalyst 14a, the NH 3 adsorbing capacity of the NH 3 -AO catalyst 14a becomes low- 
ered. If the NH 3 -AO catalyst 14a saturates, NH 3 is discharged from the NH 3 -AO catalyst 14a without being purified. To 
solve the above problem, the amount of NH 3 adsorbed in the NH 3 -AO catalyst 14a, that is, the adsorbed NH 3 amount 
is found, and when this adsorbed NH 3 amount exceeds a predetermined upper threshold UT(NH 3 ), the switching valve 

so 25 is turned OFF to stop feeding the exhaust gas of the auxiliary engine 20 into the exhaust pipe 7. As a result, the 
excess NH 3 is prevented from being discharged without being adsorbed in the NH 3 -AO catalyst 14a. 

When the feeding of the exhaust gas of the auxiliary engine 20 into the exhaust pipe 7 is stopped, the exhaust gas 
air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a becomes lean. As a result. NOx in the exhaust gas flowing 
to the TW catalyst 8a passes through the TW catalyst 8a as it is. In other words, the NH 3 synthesizing operation of the 

55 TW catalyst 8a is stopped. The NOx passing through the TW catalyst 8a then flows to the NH 3 -AO catalyst 1 4a. 

When NH 3 does not flow to the NH 3 -AO catalyst 1 4a, the adsorbed NH 3 is desorbed from the NH 3 -AO catalyst 1 4a. 
The desorbed NH 3 reduces NOx in the exhaust gas flowing to the NH 3 -AO catalyst 14a. Accordngly, also when the 
feeding of the exhaust gas of the auxiliary engine 20 into the exhaust pipe 7 is stopped, both NOx and NH 3 is sufficiently 
purified at the NH 3 -AO catalyst 1 4a. Namely, also in this case, NOx and NH 3 is prevented from flowing out of the NH 3 - 



9 



BNSDOCID: <EP 0796983A1 J_> 



EP 0 796 983 A1 

AO catalyst 1 4a without being purified. 

On the other hand, the exhaust gas discharged from the auxiliary engine 20 is introduced to the TW catalyst 29a 
via the switching valve 25 and the introducing pipe 27. In this case, the auxiliary engine 20 performs the stoichiometric 
operation. As a result, NO* HC and CO in the exhaust gas discharged from the auxiliary engine 20 is simultaneously 

5 purified at the TW catalyst 29a. That is, both the exhaust gases of the main engine 1 and the auxiliary engine 20 are 
sufficiently purified. Fig. 6 schematically illustrates the exhaust gas purifying method in this case. 

When the feeding of the exhaust gas from the auxiliary engine 20 to the exhaust pipe 7 is stopped in this way, the 
adsorbed NH 3 is gradually desorbed from the NH 3 -AO catalyst 14a. When the adsorbed NH 3 amount of the NH 3 -AO 
catalyst 14a becomes smaller and the NHj amount desorbing from the NH 3 -AO catalyst 14a becomes smaller, NO* 

10 flowing to the NH 3 -AO catalyst 1 4a will be discharged from the NH 3 -AO catalyst 1 4a without being reduced. In order to 
solve the above problem, when the adsorbed NHj amount of the NH 3 -AO catalyst 14a becomes smaller than a prede- 
termined lower threshold LT(NH 3 ), the auxiliary engine 20 performs the rich operation again, and the exhaust dis- 
charged from the auxiliary engine 20 is fed to the exhaust pipe 7. As a result, NH 3 synthesizing at the TW catalyst 8a 
is resumed, and the feeding of the NH 3 to the NH 3 -AO catalyst 14a is resumed. Accordingly, NOx is prevented from 

is flowing out of the Nhij-AO catalyst 14a without being purified. 

Fig. 7 is a time chart illustrating the adsorbed NH 3 amount S(NH 3 ) of the NH 3 -AO catalyst 14a, a condition of the 
switching valve 25, the target air-fuel ratios M(A/F)T and A(A/F)T of the main and the auxiliary engines 1 and 20. In Fig. 
7, time zero shows a time at which the switching valve 25 is turned ON and the feeding of the exhaust gas from the aux- 
iliary engine 20 into the exhaust pipe 7 starts. When the switching valve 25 is turned ON, the target air-fuel ratio A(A/F)T 

20 of the auxiliary engine 20 is made equal to the rich air-fuel ratio (A/F)R, and the auxiliary engine 20 performs the rich 
operation. When the feeding of the exhaust gas of the auxiliary engine 20 starts, the adsorbed NH 3 amount S(NH 3 ) 
increases gradually. At the time of w a\ the adsorbed NH 3 amount S(NH 3 ) exceeds the upper threshold UT(NH 3 ). When 
S(NH 3 ) > UT(NH 3 ) f the switching valve 25 is turned OFF. and the exhaust gas of the auxiliary engine 20 is introduced 
to the TW catalyst 29a. In this case, the target air-fuel ratio A(A/F)T of the auxiliary engine 20 is made equal to the sto- 

25 ichiometric air-fuel ratio (A/F)S, and the auxiliary engine 20 performs the stoichiometric operation. As a result, the NH 3 
adsorbed in the NH 3 -AO catalyst 14a is gradually desorbed therefrom. Therefore, the adsorbed NH 3 amount S(NH 3 ) 
decreases gradually. At the time of "b", the adsorbed NH 3 amount S(NH 3 ) becomes smaller than the lower threshold 
LT(NH 3 ). When S(NH 3 ) < LT(NH 3 ). the target air-fuel ratio A(A/F)T of the auxiliary engine 20 is made equal to the rich 
air-fuel ratio (A/F)R again, and the switching valve 25 is turned ON again, and thereby the exhaust gas of the auxiliary 

30 engine 20 is fed into the exhaust pipe 7. Note that the target air-fuel ratio M(A/F)T of the main engine 1 is kept at the 
lean air-fuel ratio (A/F)L. 

It is difficult to directly find the adsorbed NH 3 amount S(NH 3 ) in the NH 3 -AO catalyst 14a. Therefore, according to 
the present embodiment, the adsorbed NH 3 amount S(NH 3 ) is estimated on the basis of the difference between the 
amounts of NH 3 and NOx flowing to the NH 3 -AO catalyst 14a, that is, the difference between the amount of NH 3 syn- 

35 thesized at the TW catalyst 8a and the amount of NOx discharged from the second cylinder group 1 b. 

To find the amount of NH 3 flowing to the NH 3 -AO catalyst 14a, a sensor for detecting the NH 3 amount may be 
arranged in the interconnecting pipe 13 between the TW catalyst 8a and the NH 3 -AO catalyst 14a. However, the 
amount of NH 3 flowing to the NH 3 -AO catalyst 1 4a, that is, the amount of NH 3 synthesized at the TW catalyst 8a is esti- 
mated on the basis of the amount of NOx flowing to the TW catalyst 8a. The amount of NOx flowing to the TW catalyst 

40 8a is estimated on the basis of the operating conditions of the main engine 1 and the auxiliary engine 20. That is, as 
the amount of NOx flowing to the TW catalyst 8a per unit time increases, the amount of NH 3 synthesized at the TW cat- 
alyst 8a per unit time increases. Further, as the conversion efficiency ETA of the TW catalyst 8a increases, the amount 
of NH 3 synthesized at the TW catalyst 8a increases. 

When the NH 3 adsorbing operation is performed at the NH 3 - AO catalyst 1 4a, the amount of NOx flowing to the TW 

45 catalyst 8a per unit time Q(NOx) is obtained as a sum of the amount of NOx discharged from the first cylinder unit 1a 
per unit time Ma(NOx) and the amount of NOx discharged from the auxiliary engine 20 per unit time A(NOx). As the 
engine speed MN of the main engine 1 increases, the amount of the exhaust gas discharged from the first cylinder 
group 1 a per unit time increases, and thus the NOx amount Ma(NOx) increases. Also, as the engine load MQ/MN of the 
main engine 1 increases, the amount of the exhaust gas discharged from the first cylinder group 1a increases and the 

so combustion temperature raises, and thus the NQx amount Ma(NOx) increases. 

Fig- 8(A) illustrates relationships, obtained by experiments, between the NOx amount Ma(NOx). and the engine 
load MQ/MN and the engine speed MN of the main engine 1 . under the constant lean air-fuel ratio (A/F)L In Fig. 8(A), 
each curve shows the identical NOx amount. As shown in Fig. 8(A). the NOx amount Ma(NOx) increases as the engine 
load MQ/MN increases. Also. Ma(NOx) increases as the engine speed MN increases. Note that, the NOx amount 

55 Ma(NOx) shown in Fig. 8(A) is stored in advance in the ROM 42 in the form of a map shown in Fig. 8(B). 

Similarly, as the engine speed AN of the auxiliary engine 20 increases, the amount of exhaust gas discharged from 
the auxiliary engine 20 per unit time increases, and thus A(NOx) increases. As the engine load AO/AN of the auxiliary 
engine 20 increases, an amount of exhaust gas discharged from the auxiliary engine 20 increases and the combustion 
temperature raises, and thus A(NOx) increases. 
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Fig. 9(A) illustrates relationships, obtained by experiments, between the NOx amount A(NOx), and the engine load 
AQ/AN and the engine speed AN of the auxiliary engine 20, under the constant rich air-fuel ratio (A/F)R. In Fig. 9(A), 
each curve shows the identical NOx amount As shown in Fig. 9(A), the NOx amount A(NOx) increases as the engine 
load AQ/AN increases. Also, the NO* amount A(NOx) increases as the engine speed AN increases. Note that the NOx 

5 amount A(NOx) shown in Fig. 9(A) is stored in the ROM 42 in advance in the form of a map shown in Fig. 9(B). 

Further, A(NOx) becomes smaller as the rich air-fuel ratio (A/F)R, which is the target air-fuel ratio (A/F)T of the aux- 
iliary engine 20, becomes smaller. Thus, a coefficient RKK is adopted which becomes smaller as the rich air-fuel ratio 
(A/F)R becomes smaller as shown in Fig. 10, and A(NOx) found by Fig. 9(B) is corrected by multiplying the coefficient 
RKK therewith. This coefficient RKK is stored in the ROM 42 in advance in the form of a map shown in Fig. 10. 

10 On the other hand, the conversion efficiency ETA of the TW catalyst 8a changes in accordance with the exhaust 
gas temperature TTC of the exhaust gas flowing to the TW catalyst 8a which represents the temperature of the TW cat- 
alyst 8a. Namely, as shown in Fig. 1 1 , at the constant rich air-fuel ratio (A/F)R, the conversion efficiency ETA increases 
as the temperature TTC raises when TTC is low, and decreases as the temperature TTC raises when TTC is high. The 
conversion efficiency ETA is stored in the ROM 42 in advance in the form of a map shown in Fig. 1 1 . 

15 As can be seen in Fig. 2(B), the NOx amount Ma(NOx) discharged from the first cylinder group 1a per unit time 

changes in accordance with the engine air-fuel ratio of the first cylinder group 1a. Accordingly, when the lean air-fuel 
ratio (A/F)L changes in accordance with, for example, the operating condition of the main engine 1, it is necessary to 
correct Ma(NOx) found by the map shown in Fig. 8(B), in accordance with the lean air-fuel ratio (A/F)L Alternatively, it 
is necessary to find, in advance, a map showing relationships between the lean air-fuel ratio (A/F)L and Ma(NOx) and 

20 to find Ma(NOx) by this map. The conversion efficiency ETA of the TW catalyst 8a also changes in accordance with the 
exhaust gas air-fuel ratio (A/F)RR of the exhaust gas flowing to the TW catalyst 8a as shown in Fig. 2(A). Accordingly, 
when (A/F)RR changes in accordance with, for example, the operating condition of the main engine 1 , it is necessary 
to correct the efficiency ETA found by the map in Fig. 1 1 , in accordance with (A/F)RR. Alternatively, it is necessary to 
find, in advance, a map showing relationships between (A/F)RR and the efficiency ETA, and to find ETA by this map. 

25 A product Q(NOx) • ETA of Q(NOx). which is a sum of Ma(NOx) and A(NOx) • RKK, and ETA, represents the 
amount of NH 3 flowing to the NH3-AO catalyst 1 4a per unit time F(NH 3 ). 

To find the amount of NOx flowing to the NH 3 -AO catalyst 1 4a when the second cylinder group 1 b performs the lean 
operation. F(NOx). a sensor for detecting the inflowing NOx amount F(NOx) may be arranged in the interconnecting 
pipe 13 between the second cylinder group 1b and the NH 3 -AO catalyst 14a. However, the inflowing NOx amount 

30 F(NOx) can be found on the basis of the amount of NOx discharged from the second cylinder group 1b per unit time 
Mb(NOx)- 

As the engine speed MN of the main engine 1 increases, the amount o1 exhaust gas discharged from the second 
cylinder group 1b per unit time increases, and thus Mb(NOx) increases. Further, as the engine load MQ/MN of the main 
engine 1 increases, the amount of exhaust gas discharged from the second cylinder group 1b increases and the com- 
as bustion temperature raises, and thus Mb(NOx) increases. 

Fig. 12(A) illustrates relationships, obtained by experiments, between the discharged NOx amount Mb(NOx), and 
the engine load MQ/MN and the engine speed MN of the main engine 1, under the constant lean air-fuel ratio (A/F)L 
In Fig. 12(A), each curve shows the identical NOx amount. As shown in Fig. 12(A), the discharged NOx amount 
Mb(NOx) increases as the engine load MQ/MN increases, and also increases as the engine speed MN increases. In 
40 this embodiment, the inflowing NOx amount F(NOx) is regarded as the discharged NOx amount Mb(NOx). Note that the 
discharged NOx amount Mb(NOx) shown in Fig. 12(A) is stored in the ROM 42 in advance in the form of a map shown 
in Fig. 12(B). 

If an NH 3 amount necessary for reducing a unit amount of inflowing NOx in ^ e NH 3 -AO catalyst 14a is referred to 
as KC, and if the NOx amount flowing to the NH 3 -AO catalyst 14a per unit time is F(NOx), the consumed NH 3 amount 
45 by reducing the NOx ' s expressed by KC • F(NOx). Accordingly, the excess NH 3 amount per unit time at the NH 3 -AO 
catalyst 14a, that is, the amount of NH 3 newly adsorbed in the NH 3 -AO catalyst 14a per unit time is expressed by 
F(NH 3 )-KC-F(NO x ). 

Accordingly, when the auxiliary engine 20 performs the rich operation and the exhaust gas therefrom is introduced 
into the exhaust pipe 7, the adsorbed NH 3 amount S(NH 3 ) is expressed by the following equation: 

so 

S(NH 3 ) = S(NH 3 ) + {F(NH 3 ) - KC • F(NO x )} • DELTAaa 

where DELTAaa expresses a time interval of the detection time of F(NH 3 ) and F(NOx). Accordingly. 
{F(NH 3 ) - KC • F(NO x )} • DELTAaa expresses the amount of NH 3 newly adsorbed in the NH 3 -AO catalyst 14a during 
55 a period from the previous detection of the F(NH 3 ) and F(NOx) to the present detection. 

KC is a coefficient determined in accordance with the fractions of components of NOx flowing to the NH 3 -AO cat- 
alyst 1 4a, that is, the fractions of N0 2 and NO to the total NOx flowing to the NH 3 -AO catalyst 14a. KC is referred to as 
an equivalent coefficient hereinafter. If all NOx flowing to the NH 3 -AO catalyst 14a is N0 2 , the equivalent coefficient KC 
is 473 as can be seen in the above equation (9), and if alt NOx flowing to the NH 3 -AO catalyst 1 4a is NO, the equivalent 
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coefficient KC is 1 as can be seen in the above equation (10). The composition of NOx flowing to the NH 3 -AO catalyst 
1 4£ cepends on the exhaust gas air-fuel ratio and the temperature TA of the exhaust gas flowing to the NH 3 -AO catalyst 
1 4c Accordingly, when the exhaust gas air-fuel ratio of the exhaust gas flowing to the NH 3 -AO catalyst 1 4a is substan- 
tially constant, the equivalent coefficient KC depends on the exhaust gas temperature TAC. The relationships is shown 

5 in Ftg. 13. As can be seen in Fig. 13, when the exhaust gas temperature TAC is low, the equivalent coefficient KC 
increases as the exhaust temperature TAC rises, and when the exhaust gas temperature TAC is high, the equivalent 
coefficient KC decreases as the exhaust temperature TAC rises. When the exhaust gas temperature TAC further rises, 
the equivalent coefficient KC is kept constant. This equivalent coefficient KC is stored in the ROM 42 in advance in the 
form of a map shown in Fig. 13. Note that FfNI-y/KC represents an amount of NOx capable of being reduced by NH 3 

10 when the amount of NH 3 flowing to the NHj-AO catalyst 14a is F(NH 3 ). 

On the other hand, Fig. 14(A) illustrates an amount of NH 3 desorbed from the NH 3 -AO catalyst 14a per unit time, 
i.e. , a desorbed NH 3 amount D(NH 3 ), when the feeding of the exhaust gas from the auxiliary engine 20 into the exhaust 
gas pipe 7 is stopped, which is obtained by experiment. As can be seen in Fig. 14(A), the desorbed NH 3 amount D(NH 3 ) 
increases as the adsorbed NH 3 amount S(NH 3 ) of the NH 3 -AO catalyst 14a is large. Also, as the exhaust gas temper- 

15 ature TAC of the exhaust gas flowing to the NH 3 -AO catalyst 14a rises, the desorbed NH 3 amount D(NH 3 ) increases. 
The desorbed NH 3 amount DfNhk) is stored in the ROM 42 in advance in the form of a map shown in Fig. 14(B). 

Accordingly, the adsorbed NH 3 amount S(NH 3 ) of the NH 3 -AO catalyst 14a is obtained by the following equation 
when the feeding operation of the exhaust gas from the auxiliary engine 20 into the exhaust pipe 7 is stopped: 

20 S(NH 3 ) = S(NH 3 ) - D(NH 3 ) - DELTA ad 

where DELTAad represents a time interval of the detection of D(NH 3 ). Accordingly, D(NH 3 ) • DELTAad represents an 
amount of NH 3 desorbed from the NH 3 -AO catalyst 14a during a period from the previous detection of D(NH 3 ) to the 
present detection of D(NH 3 ). 

25 In this embodiment, the temperature TTC and TAC of the exhaust gas flowing to the TW catalyst 8a and the NH 3 - 

AO catalyst 14a are respectively detected by the temperature sensors 60 and 61 . However, it is possible to estimate the 
exhaust gas temperatures TTC and TAC on the basis of the operating condition of the auxiliary engine 20. 

If an air-fuel mixture spreading over the entire combustion chamber uniformly is formed when the target air-fuel 
ratio (A/F)T is very lean such as 18.5, a spark plug (not shown) cannot ignite the air-fuel mixture, because the air-fuel 

30 mixture is very thin, and misfiring may occur. To solve this, in the main engine shown in Fig. 1 f an ignitable air-fuel mix- 
ture is formed in a restricted region the combustion chamber and the reminder is filled with only the air or only the air 
and the EGR gas. and the air-fuel mixture is ignited by the spark plug, when the lean operation is to be performed. This 
prevents the engine from misfiring, even when the engine air-fuel ratio is very lean. Alternatively, the misfiring may be 
prevented by forming a swirl flow in the combustion chamber, while forming a uniform air-fuel mixture in the combustion 

35 chamber. 

Fig. 1 5 illustrates a routine for controlling the switching valve. This routine is executed by interruption every prede- 
termined time. 

Referring to Fig. 15, first, in step 70, it is judged whether the switching valve 25 is turned OFF. When the switching 
valve 70 is turned ON, that is, when the exhaust gas of the auxiliary cylinder 20 is introduced into the exhaust pipe 7. 
40 the routine goes to step 71, where the discharged NOx amount Ma(NOx) of the first cylinder group la is calculated 
using the map shown in Fig. 8(B). In the following step 72, the discharged NOx amount A(NOx) of the auxiliary cylinder 
20 is calculated using the map shown in Fig. 9(B). In the following step 73, the coefficient RKK is calculated using the 
map shown in Fig. 10. In the following step 74, the inflowing NOx amount Q(NOx) of the TW catalyst 8a is calculated 
using the following equation: 

45 

Q(NO x ) = Ma(NO x ) + A(NO x ) • RKK 

In the following step 75. the conversion efficiency ETA of the TW catalyst 8a is calculated using the map shown in 
Fig. 11. In the following step 76, the inflowing NH 3 amount F(NH 3 ) of the NH 3 -AO catalyst 14a is calculated using the 
so following equation: 

F(NH 3 ) = Q(NO x )-ETA 

In the following step 77, the discharged NOx amount Mb(NOx) of the second cylinder group 1b is calculated using 
55 the map shown in Fig. 1 2(B). In the following step 78, the discharged NOx amount Mb(NOx) is memorized as the inflow- 
ing NOx amount F(NOx) of the NH 3 -AO catalyst 14a. In the following step 79, the equivalent coefficient KC is calculated 
using the map shown in Fig. 13. In the following step 80. the adsorbed NH 3 amount S(NH 3 ) of the NH 3 -AO catalyst 14a 
is calculated using the following equation: 
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S(NH 3 ) = S(NH 3 ) + {F(NH 3 ) - KC • F(NO x )} • DELTAaa 

where DELTAaa is a time interval from the previous processing cycle to the present processing cycle. In the following 
step 81 , it is judged whether the adsorbed NH 3 amount S(NH 3 ) is larger than the upper threshold UT(NH 3 ). If S(NH 3 ) 
5 < UT(NH 3 ), the processing cycle is ended. That is, if S(NH 3 ) <, UT(NH 3 ), it is judged that the NH 3 adsorbing capacity of 
the NH 3 -AO catalyst 14a is still large, and the switching valve 25 is kept turned ON, and thus the exhaust gas of the 
auxiliary cylinder 20 is continuously fed into the exhaust pipe 7, to thereby continue the NH 3 synthesizing operation of 
the TW catalyst 8a. 

Contrarily, if S(NH 3 ) > UT(NH 3 ) in step 81 , the routine goes to step 82, where the switching valve 25 is turned OFF, 
70 and then the processing cycle is ended. That is, when S(NH 3 ) > UT(NH 3 ), it is judged that the NH 3 adsorbing capacity 
of the NH 3 -AO catalyst 1 4a becomes smaller. Therefore, the feeding of the exhaust gas from the auxiliary engine 20 
into the exhaust pipe 7 is stopped, to thereby stop the NH3 synthesizing operation of the TW catalyst 8a. 

On the other hand, if the switching valve 25 is turned OFF in step 70, the routine goes to step 83, where the des- 
orbed NH 3 amount D(NH 3 ) of the NH 3 -AO catalyst 14a is calculated using the map shown in Fig. 1 4(B). In the following 
is step 84, the adsorbed NH 3 amount S(NH 3 ) of the NH 3 -AO catalyst 14a is calculated using the following equation: 

S(NH 3 ) = S(NH 3 ) - D(NH 3 ) • DELTA ad 

where DELTAad is a time interval from the previous processing cycle to the present processing cycle. In the following 
20 step 85, it is judged whether the adsorbed NH 3 amount S(NH 3 ) is smaller than the lower threshold LT(NH 3 ). If S(NH 3 ) 
^ LT(NH 3 ), the processing cycle is ended. That is, rf SfNI-y ^ UT^hy, it is judged that the NH 3 adsorbing capacity of 
the NH 3 -AO catalyst 1 4a is still small, and the switching valve 25 is kept being turned OFF, to thereby stop the NH 3 syn- 
thesizing operation of the TW catalyst 8a continuously. 

On the other hand, if S(NH 3 ) < LT(NH 3 ) in step 85, the routine goes to step 86, where the switching valve 25 is 
25 turned ON, and then the processing cycle is ended. That is, if S(NH 3 ) < LT(NH 3 ), it is judged that the NH 3 adsorbing 
capacity of the NH 3 -AO catalyst 14a becomes sufficiently large. Therefore, the feeding of the exhaust gas from the aux- 
iliary engine 20 into the exhaust pipe 7 is resumed, to thereby resume the NH 3 synthesizing operation of the TW cata- 
lyst 8a. 

Fig. 16 shows a routine for calculating the fuel injection time MTAU of the main engine 1. This routine is executed 
30 by interruption every predetermined crank angle of the main engine 1 . 

Referring to Fig. 16, first, in step 90, the basic fuel injection time MTB is calculated using the following equation, 
with the intake air amount MQ and the engine speed MN of the main engine 1 : 

MTB = (MQ/MN) • K 

35 

In the following step 91 , it is judged whether the fuel injection time MTAU to be calculated in the present processing 
cycle is the for the first cylinder group 1a or for the second cylinder group 1b. If the fuel injection time TAU to be calcu- 
lated in the present processing cycle is for the first cylinder group 1 a, that is, for the first cylinder #1 , the routine goes to 
step 92, where the feedback correction coefficient MFAFA for the first cylinder group 1a is calculated. In the following 
40 step 93, MFAFA is memorized as MFAF. Next, the routine jumps to step 96. 

If the fuel injection time TAU to be calculated in the present cycle is for the second cylinder group 1 b, that is, for one 
of the second, the third and the fourth cylinders #2, #3, and #4, in step 91, the routine goes to step 94, where the feed- 
back correction coefficient MFAFB tor the second cylinder group 1b is calculated. In the following step 94, MFAFB is 
memorized as MFAF. Then, the routine goes to step 96. 
45 In step 96, the target air-fuel ratio M(A/F)T is made to be the lean air-fuel ratio (A/F)L In this embodiment, the lean 
air-fuel ratio (A/F)L is made equal to 1 8.5 regardless of the operating condition of the main engine 1 . Accordingly, in step 
96, (A/F)T is made equal to 1 8.5. 

In the following step 97, the fuel injection time TAU is calculated using the following equation: 

so MTAU = MTB • ((A/F)S/M(A/F)T) • MFAF 

Fuel is injected from each fuel injector 5 for the period of this fuel injection time MTAU. 

Fig. 1 7 illustrates a routine for calculating the fuel injection time ATAU of the auxiliary engine 20. This routine is exe- 
cuted by the interruption every predetermined crank angle of the auxiliary engine 20. 
55 Referring to Fig. 17, first, in step 100, the basic fuel injection time ATB is calculated using the following equation, 
with the intake air amount AQ and the engine speed AN of the auxiliary engine 20. 

AT B = ( AQ/AN) • K 
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In the following step 101, the feedback correction coefficient AFAF is calculated. In the following step 102, it is 
judged whether the switching valve 25 is turned ON. If the switching valve 25 is turned ON, the routine goes to step 103, 
where the rich air-fuel ratio (A/F)RB is calculated using the map shown in Fig. 4(B). In the following step 104, the coef- 
ficient RK is calculated using the map shown in Fig. 5(B). In the following step 105, the rich air-fuel ratio (A/F)R is cal- 
5 culated using the following equation: 

(A/F)R = (A/F)RB-RK 

In the following step 106, the target air-fuel ratio A(A/F)T is made to be the rich air-fuel ratio A(A/F)R. Then, the rou- 
10 tine goes to step 108. 

On the other hand, if the switching valve 25 is turned OFF in step 102, the routine goes to step 107, where the tar- 
get air-fuel ratio A(A/F)T is made to be the stoichiometric air-fuel ratio (A/F)S. Then, the routine goes to step 108. 
In step 1 08, the fuel injection time ATAU is calculated using the following equation: 

15 ATAU = ATB • ((A/F)S/A(A/F)T) • AFAF 

Fuel is injected from the fuel injector 23 for a period of this fuel injection time ATAU. 

In this embodiment, the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a is made rich by 
feeding or adding the exhaust gas of the auxiliary engine 20 into the exhaust gas of the first cylinder.group 1a. There- 
to fore, it is possible to sufficiently purify the exhaust gas discharged from the main and the auxiliary engines 1 and 20, 
while obtaining an addition output torque of the auxiliary engine 20. Note that when the main engine 1 is originally pro- 
vided with the auxiliary engine 20, there is no need to newly install a rich exhaust gas synthesizing device 19. Accord- 
ingly, the structure can be made simple. 

Further, in this embodiment, the switching valve 25 is controlled to stop feeding of the exhaust gas of the auxiliary 

25 engine 20 to the NH 3 - AO catalyst 1 4a to thereby prevent the exhaust gas air-fuel ratio of the exhaust gas flowing to the 
TW catalyst 8a from being made rich, when the NH 3 adsorbed in the NH 3 -AO catalyst 14a is to be desorbed therefrom. 
However, while feeding the exhaust gas of the auxiliary engine 20 into the exhaust pipe 7 continuously, the engine air- 
fuel ratio of the auxiliary engine 20 may be controlled to make the exhaust gas air-fuel ratio of the exhaust gas flowing 
to the TW catalyst 8a stoichiometric or lean, when the NH 3 adsorbed in the NH 3 -AO catalyst 14a is to be desorbed 

30 therefrom. In this case, when the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a is made 
stoichiometric, NOx, HC and CO in the inflowing exhaust gas is simultaneously purified sufficiently thereon. On the 
other hand, when the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a is made lean, NOx 
passes through the TW catalyst 8a and then flows to the NH 3 -AO catalyst 14a, and is reduced by NH 3 desorbed from 
the NH 3 -AO catalyst 1 4a. Accordingly, in this case. NOx and NH 3 are prevented from flowing out of the NH 3 -AO catalyst 

35 1 4a without being purified. 

Next, another embodiment of the exhaust gas purifying method of the engine shown in Fig. 1 will be explained. 
In this embodiment, the auxiliary engine 20 performs the rich operation and the exhaust gas of the auxiliary engine 
20 is introduced into the TW catalyst 8a, until the adsorbed NH 3 amount SfNHs) of the NH 3 -AO catalyst 14a exceeds 
the upper threshold UT(NH 3 ), and when the adsorbed NH 3 amount SfNr-y becomes lower than the lower threshold 

40 LT(NH 3 ), the exhaust gas of the auxiliary engine 20 performing the rich operation is introduced to the TW catalyst 8a 
again, as in the same manner as the embodiment described above. 

However, if the operating condition of the main engine 1 varies and thereby the inflowing NOx amount F(NOx) of 
the NH 3 -AO catalyst 1 4a increase widely, the NOx amount may become too much with respect to the NH 3 at the NH 3 - 
AO catalyst 14a, even though the adsorbed NH 3 amount S(NH 3 ) is large or the TW catalyst 8a is performing the NH 3 

45 synthesizing operation. If NOx becomes excessive with respect to NH 3 at the NH 3 -AO catalyst 14a. the NOx wiil P ass 
through the NH 3 -AO catalyst 14a without being purified. 

On the other hand, the inflowing NOx amount F(NOx) equals to the discharged NOx amount Mb(NOx) of the sec- 
ond cylinder group 1b. when the exhaust gas of the auxiliary engine 20 is fed to the TW catalyst 8a (see Fig. 3), and 
equals to a sum of the discharged NOx amounts Ma(NOx) and Mb(NOx) when the feeding of the exhaust gas of the 

so auxiliary engine 20 to the TW catalyst 8a is stopped (see Fig. 6). Accordingly, the inflowing NOx amount F(NOx) varies 
in accordance with the target air-fuel ratio M(A/F)T of the main engine 1 . That is. considering that the discharged NOx 
amount from the main engine 1 with the engine air-fuel ratio being (A/F)N equals to that with the engine air-fuel ratio 
being the lean air-fuel ratio (A/F)L, the inflowing NOx amount F(NOx) becomes smaller when the engine air-fuel ratio of 
the main engine 1 is made between (A/F)N and the stoichiometric air-fuel ratio (A/F)S, or is made smaller than (A/F)N. 

55 Note that. (A/F)N for the lean air-fuel ratio (A/F)L of 18.5. is 16.5. as can be seen in Fig. 2(B). 

Therefore, in this embodiment, first, a threshold TH is found which is a slightly smaller than the NOx amount capa- 
ble of being purified by the amount of NH 3 flowing to or desorbed from the NH 3 -AO catalyst 14a. When the inflowing 
NOx amount F(NOx) exceeds the threshold TH, it is judged that NOx » s excessive with respect to NH 3 at the NH 3 -AO 
catalyst 14a, and the lean air-fuel ratio (A/F)l_ which is the target air-fuel ratio M(A/F)T of the main engine 1 , is made 
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equal to. for example, (A/F)P (such as 15.0) shown in Fig. 2(B), to thereby decrease the inflowing NOx amount F(NOx). 
As a result, the amount of NOx is prevented from becoming too much at the NH 3 -AO catalyst 1 4a, and from flowing out 
of the NH3-AO catalyst 1 4a without being purified. 

Fig. 18(A) illustrates the threshold TH when the exhaust gas of the auxiliary engine 20 is fed to the TW catalyst 8a, 

5 . obtained by experiment. As can be seen Fig. 18(A), the threshold TH in this case is obtained as a function of the 
adsorbed NH 3 amount S(NH 3 ) and the inflowing NOx amount F(NOx). The threshold TH increases as S(NH 3 ) 
increases with the constant F(NH 3 ), and increases as F(NH 3 ) increases with the constant S(NH 3 ). The threshold TH in 
this case is stored in the ROM 42 in advance in the form of a map shown in Fig. 18(B). 

Fig. 1 9 illustrates the threshold TH when the feeding of the exhaust gas of the auxiliary engine 20 to the TW catalyst 

10 8a is stopped, obtained by experiments. As can be seen Fig. 1 9, the threshold TH in this case is obtained as the func- 
tion of the adsorbed NH 3 amount S(NH 3 ), and increases as S(NH 3 ) increases. The threshold TH in this case is stored 
in the ROM 42 in advance in the form of a map shown in Fig. 19. 

Fig. 20 illustrates a routine for controlling the engine air-fuel ratio of the main engine 1, according to the present 
embodiment. The routine is executed by interruption every predetermined time. 

15 Referring to Fig. 20, first, in step 200, it is judged whether the switching valve 25 is turned OFF. If the switching valve 
25 is turned ON, that is, the exhaust gas of the auxiliary engine 20 is fed to the exhaust pipe 7, the routine goes to step 
201 . where the discharged NOx amount Mb(NOx) of the second cylinder group 1 b is calculated using the map shown 
in Fig. 12(B). In the following step 202, Mb(NOx) is memorized as the inflowing NOx amount F(NOx). In the following 
step 203, the threshold TH is calculated using the map shown in Fig. 18(B). For the calculation of the threshold TH, the 

20 adsorbed NH 3 amount S(NH 3 ) and the inflowing NH 3 amount FfNHa) obtained in the routine shown in Fig. 15 may be 
used. Then, the routine goes to step 208. 

If the switching valve is turned OFF, that is the feeding of the exhaust gas of the auxiliary engine 20 is stopped, in 
step 200, the routine goes to step 204, where the discharged NOx amount Ma(NOx) of the first cylinder group 1a is cal- 
culated using the map shown in Fig. 8(B). In the following step 205. the discharged NOx amount Mb(NOx) of the second 

25 cylinder group 1b is calculated using the map shown in Fig. 12(B). In the following step 206. the inflowing NOx amount 
F (NOx) is calculated using the following equation: 

F(NO x ) = Ma(NO x ) + Mb(NO x ) 

30 In the following step 207, the threshold TH is calculated using the map shown in Fig. 19. For the calculation of the 
threshold TH, the adsorbed NH 3 amount S(NH 3 ) obtained in the routine shown in Fig. 15 may be used. Then, the rou- 
tine goes to step 208. 

In the step 208, it is judged whether the inflowing NO x amount F(NOx) is larger than the threshold obtained in step 
203 or 207. If F(NOx) ^ TH, it is judged that NOx is not excessive to NH 3 at the NH 3 -AO catalyst 14a, and the routine 
35 goes to step 209, where the target air-fuel ratio of the main engine M(A/F)T is made equal to the lean air-fuel ratio 
(A/F)L Then, the processing cycle is ended. Contrarily, if F(NOx) > TH, it is judged that NOx will be excessive to NH 3 
at the NH 3 -AO catalyst 14a, and the routine goes to step 21 0, where the target air-fuel ratio of the main engine M(A/F)T 
is made equal to (A/F)P. Then, the processing cycle is ended. 

In this embodiment, the engine air-fuel ratio of the main engine 1 is controlled by controlling the target air-fuel ratio 
40 thereof M(A/F)T, that is, the fuel amount to be injected. Alternatively, an intake air control valve may be arranged in, for 
example, the intake duct 4 downstream of the throttle valve 6. In this case, the intake air control valve may be controlled 
to decrease the intake air amount, without changing the fuel amount to be injected, to thereby change the engine air- 
fuel ratio of the main engine 1 from the lean air-fuel ratio (A/F)L to (A/F)P, for example. ' 

Fig. 21 illustrates further another embodiment, where the present invention is adapted to the diesel engine. Alter- 
45 natively, the present invention may be adapted to the spark-ignition gasoline engine. 

Referring to Fig. 21 , the main engine 1 , which is the diesel engine, has a first cylinder #1 , constituting the first cyl- 
inder group 1a, and a second, a third, and a fourth cylinder #2, #3, and #4, constituting the second cylinder group 1b. 
The rich gas forming device 19 in this embodiment comprises a burner 1 10. The exhaust side of the burner 1 10 is con- 
nected to the exhaust pipe 7 via an exhaust pipe 111. Note that the burner 1 10 is controlled by the output signal output 
so from the electronic control unit 40. 

To each cylinder of the main engine 1, the fuel is fed via a corresponding fuel injection nozzle 5a. to which the fuel 
is fed via a common fuel pump 112. Also, an intake air control valve 1 13 is arranged in the blanch 2 of the first cylinder 
#1 , capable of decreasing the intake air amount of the first cylinder #1 , that is, the first cylinder group 1 a. The intake air 
control valve 1 1 3 is driven by an actuator 1 1 4 of the negative pressure type or the electromagnetic type. Note that the 
55 fuel pump 112 and the actuator 1 14 are controlled by the output signal output from the electronic control unit 40. 

Referring further to Fig. 21 , an opening degree sensor 1 15 is attached to the throttle valve 6, the sensor 115 gen- 
erating an output voltage proportional to the opening degree of the throttle valve 6. The output voltage of the sensor 1 1 5 
is input to the input port 45 of the electronic control unit 40, via the A/D converter 116. Further, an air-fuel ratio sensor 
1 17 is attached to the exhaust pipe 7 downstream of the outlet of the exhaust pipe 1 1 1 , for detecting the exhaust gas 
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air-fuel ratio flowing therethrough. The output voltage of the sensor 1 1 7 is input to the input port 45 via the A/D convertor 
1 1 8. The sensor 1 1 7 is constructed by a sensor generating an output voltage which corresponds to the exhaust gas air- 
fuel ratio over a broader range of the exhaust gas air-fuel ratio, as mentioned above. The air-fuel ratio sensor 56 
arranged in the exhaust pipe 111 is for detecting the exhaust gas air-fuel ratio of the exhaust gas of the burner 110. 

s On the other hand, the output port 46 of the electronic control unit 40 is connected to the burner 1 1 Q, the fuel pump 

1 12, and the actuator 114, via corresponding drive circuits 59. 

In each cylinder of the main engine 1 , the fuel is injected from the fuel injection nozzle 5a, the amount of which is 
required to obtain the output torque suitable for the respective engine operating condition. The fuel amount is stored in 
the ROM 42 in advance, as the function of, for example, the opening degree of the throttle valve 6 and the engine speed 

w MN. In this embodiment, the engine air-fuel ratio is kept at approximately 22.0 (air-excess ratio is approximately 1.5), 
for example. Namely, the main engine 1 performs the lean operation continuously. This prevents the discharge of the 
undesirable smoke. 

On the other hand, the burner 1 10 is operated or stopped in accordance with the adsorbed NH 3 amount SCNBj) of 
the NH 3 -AO catalyst 14a. Namely, the burner 1 10 performs the rich operation and the exhaust gas thereof is introduced 

15 to the TW catalyst 8a to make the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a rich to 
thereby synthesize the NH 3 thereon, until the adsorbed NH 3 amount S(NH 3 ) exceeds the upper threshold UT(NH 3 ). 

Considering the NH 3 synthesizing operation of the TW catalyst 8a, the exhaust gas air-fuel ratio of the entire 
exhaust gas flowing to the TW catalyst 8a is preferably kept at about 13.8. However, the operation of the burner 1 10 in 
this embodiment is substantially stable regardless of the operating condition of the main engine 1 . As a result, when the 

20 operating condition of the main engine 1 varies, the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW cat- 
alyst 8A may vary or, in particular, may be lean. 

To solve this, the intake air control valve 1 1 3 is provided for decreasing the intake air amount, and the engine air- 
fuel ratio of the first cylinder group 1a is controlled by controlling the intake air control valve 113 without controlling the 
fuel amount to be injected, to thereby maintain the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW cat- 

25 alyst 8a at about 13.8. In this case, the opening degree of the intake air control valve 1 13 is feedback-controlled in 
accordance with the output signal from the air-fuel ratio sensor 1 17. As a result, the appropriate NH 3 synthesizing oper- 
ation can be achieved at the TW catalyst 8a. 

When the opening degree of the intake air control valve 1 13 is made smaller, the engine air-fuel ratio of the first 
cylinder group 1a changes toward the rich side, but is made slightly lean with respect to the stoichiometric air-fuel ratio 

30 (A/F)S. Hereinafter such an operating condition is referred to as a slightly lean operation. When the first cylinder group 
1 a, that is, the first cylinder #1 performs the slightly lean operation, the exhaust gas air-fuel ratio of the exhaust gas flow- 
ing to the TW catalyst 8a is easily made rich. In other words, the amount of the exhaust gas of the burner 110 can be 
reduced, and therefore, the amount of the reducing agent to be fed from the rich gas forming device 19 to the exhaust 
pipe 7 can be reduced. Note that the engine air-fuel ratio of the first cylinder #1 is not richer or smaller than about 16.0 

35 (air-excess ratio being about 1.1), even when the opening degree of the intake air control valve 113 is made the mini- 
mum degree thereof. 

The NH 3 synthesized in the TW catalyst 8a then flows to the NH 3 -AO catalyst 14a, and reduces NOx discharged 
from the second cylinder group 1b. The excess NH 3 is adsorbed in the NH 3 -AO catalyst 14. Fig. 22 schematically illus- 
trates the exhaust gas purifying method in this case. 
40 When the adsorbed NH 3 amount S(NH 3 ) exceeds the upper threshold UT(NH3), the operation of the burner 1 10 is 
stopped, and the intake air control valve 1 13 is fully opened. As a result, the exhaust gas air-fuel ratio of the exhaust 
gas flowing to the TW catalyst 8a is made lean, NOx » n the exhaust gas of the first cylinder group 1a passes through 
the TW catalyst 8a, and then flows to the NH 3 -AO catalyst 14a. At the NH 3 -AO catalyst 14a, the adsorbed NH 3 is des- 
orbed, and the NH 3 reduces NOx ' n the exhaust gas from the first and the second cylinder groups 1a and 1b. Fig. 23 
45 schematically illustrates the exhaust gas purifying method in this case. 

When the adsorbed NH 3 amount S(NH 3 ) becomes smaller than the lower threshold LTCNHs), the operation of the 
burner 1 10 is resumed, to thereby resume the NH 3 synthesizing operation at the TW catalyst 8a. 

Fig. 24 illustrates a routine for controlling the operation of the burner 110. The routine is executed by interruption 
every predetermined time. 

so Referring to Fig. 24, first, in step 140, it is judged whether the burner 1 10 is turned OFF, namely, the operation of 

the burner 1 10 is stopped, rf the burner 110 is turned ON, namely, the burner 1 10 is operated and the exhaust gas 
thereof is introduced to the exhaust pipe 7, the routine goes to step 141 , where the discharged NOx amount Ma(NOx) 
is calculated using the map shown in Fig. 8(B). In the following step 1 42, a discharged NQx amount from the burner 110 
per unit time B(NOx) is calculated using the map shown in Fig. 25. In this embodiment, the air-fuel ratio is maintained 

55 approximately constant, but the map shown in Fig. 25 is provided to obtain the discharged NOx amount B(NOx), even 
if the air-fuel ratio of the burner fluctuates. 

Fig. 25 illustrates the relationships, obtained by experiments, between the amount of NOx discharged from the 
burner 1 1 0 per unit time B(NOx) and the air-fuel ratio of the burner 1 1 0, under the constant air amount As can be seen 
from Fig. 25, the discharged NOx amount B(NOx) increases as the air-fuel ratio of the burner 1 10 decreases. Note that 
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the discharged NOx amount B(NOx) is stored in the ROM 42 in advance in the form of the map shown in Fig. 25. 

In the following step 143, the inflowing NOx amount Q(NOx) of the TW catalyst 8a is calculated using the following 
equation: 

s Q(NO x ) = Ma(NO x )+ B(NO x ) 

In the following step 1 44, the conversion efficiency ETA of the TW catalyst 8a is calculated using the map shown in 
Fig. 1 1 . In the following step 145, the inflowing NH 3 amount F(NH 3 ) is calculated using the following equation: 

io F(NH 3 )=Q(NO x )-ETA 

in the following step 146, the discharged NOx amount Mb(NOx) of the second cylinder group lb is calculated using 
the map shown in Fig. 12(B). In the following step 147, the discharged NOx amount Mb(NOx) is memorized as the 
inflowing NOx amount F(NOx). In the following step 148, the equivalent coefficient KC is calculated using the map 
75 shown in Fig. 1 3. In the following step 1 49, the adsorbed NH 3 amount S(NH 3 ) is calculated using the following equation: 

S(NH 3 ) = S(NH 3 ) + {F(NH 3 ) - KC • F(NO x )} ■ DELTAaa 

where DELTAaa represents a time interval from the previous processing cycle to the present processing cycle. In the 
20 following step 150, it is judged whether the adsorbed NH 3 amount SfNHs) is larger than the upper threshold UTfNH^. 
If S(NH 3 ) <, UT(NH 3 ), the processing cycle is ended. That is, if SfNHs) <, UT(NH 3 ), it is judged that the NH 3 adsorbing 
capacity of the NH 3 -AO catalyst 1 4a is still large, and the burner 1 1 0 is kept turned ON, and thus the exhaust gas of the 
burner 110 is continuously fed into the exhaust pipe 7, to thereby continue the NH 3 synthesizing operation of the TW 
catalyst 8a. 

25 Contrarily, if S(NH 3 ) > UT(NH 3 ) in step 150, the routine goes to step 151. where the burner 1 10 is turned OFF, and 

then the processing cycle is ended. That is. when S(NH 3 ) > UT(NH 3 ). it is judged that the NH 3 adsorbing capacity of 
the NH 3 -AO catalyst 14a becomes smaller. Therefore, the feeding of the exhaust gas from the burner 110 into the 
exhaust pipe 7 is stopped, to thereby stop the NH 3 synthesizing operation of the TW catalyst 8a. 

On the other hand, if the burner 1 10 is turned OFF in step 140, the routine goes to step 152, where the desorbed 

30 NH 3 amount D(NH 3 ) of the NH 3 -AO catalyst 14a is calculated using the map shown in Fig. 14(B). In the following step 
153, the adsorbed NH 3 amount S(NH 3 ) is calculated using the following equation: 

S(NH 3 ) = S(NH 3 ) - D(NH 3 ) • DELTA ad 

35 where DELTAad is a time interval from the previous processing cycle to the present processing cycle. In the following 
step 1 54, it is judged whether the adsorbed NH 3 amount S(NH 3 ) is smaller than the lower threshold LT(NH 3 ). If S(NH 3 ) 
£ LTfNHj), the processing cycle is ended. That is, rf S(NHs) £ UTfNHs), it is judged that the NH 3 adsorbing capacity of 
the NH 3 -AO catalyst 14a is still small, and the burner 1 10 is kept turned OFF, to thereby stop the NH 3 synthesizing oper- 
ation of the TW catalyst 8a continuously. 

40 On the other hand, if S(NH 3 ) < LT(NH 3 ) in step 154, the routine goes to step 155, where the burner 1 10 is turned 
ON, and then the processing cycle is ended. That is, if S(NH 3 ) < LT(NH 3 ), it is judged that the NH 3 adsorbing capacity 
of the NH 3 -AO catalyst 14a becomes sufficiently large. Therefore, the feeding of the exhaust gas from the burner 110 
into the exhaust pipe 7 is resumed, to thereby resume the NH 3 synthesizing operation of the TW catalyst 8a. 

Note that the fuel of the burner 110 may be a hydrocarbon such as gasoline, isooctane. hexane, heptane, gas oil, 

45 and kerosene, and a hydrocarbon which can be stored in a liquid state, such as butane or propane. However, if the fuel 
is identical to that for the main engine 1 , it is not necessary to provide a specific fuel tank. For this reason, the fuel for 
the burner 1 1 0 is identical to that of the main engine 1 , for example, gasoline. 

In this embodiment, the air-fuel ratio of the burner 1 10 is determined to be constant. However, the air-fuel ratio of 
the burner 1 10 may be changed in accordance with, for example, the operating condition of the main engine 1. Further, 

so the burner 1 1 0 may be arranged integrally with the TW catalyst 8a or the catalytic converter 9. 

Alternatively, the air-fuel ratio of the burner 110 may be continuously operated with the air-fuel ratio of the lean or 
the stoichiometric, when the NH 3 is to be desorbed from the NH 3 -AO catalyst 14a. 

Fig. 26 illustrates a routine for controlling the opening degree of the intake air control valve 113. The routine is exe- 
cuted by interruption every predetermined time. 

55 Referring to Fig. 25, first, in step 160. it is judged whether the operation of the burner 1 10 is stopped (OFF). When 
the burner 1 10 is turned ON, that is, the burner 110 performs the rich operation and the exhaust gas thereof is intro- 
duced to the exhaust pipe 7 to make the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a rich, 
the routine goes to step 161, where the opening degree of the intake air control valve 1 13 is feedback controlled in 
accordance with the output signal from the air-fuel ratio sensor 117. As a result, the exhaust gas air-fuel ratio of the 
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exhaust gas flowing to the TW catalyst 8a is kept at an exhaust gas air-fuel ratio suitable for synthesizing NH 3 , such as 
about 13.8. Then, the processing cycle is ended. 

Contrarily, if the burner 1 10 is turned OFF, that is, the operation of the burner 1 10 is stopped, the routine goes to 
step 162, where the intake air control valve 1 13 is fully opened, and then the processing cycle is ended. Note that the 
5 other constructions and the operation of the exhaust gas purifying device are the same as those in the embodiment 
shown in Fig. 1, and thus the explanations therefor are omitted. 

Next, another embodiment of the exhaust gas purifying catalyst 14 will be explained. 

The exhaust gas purifying catalyst in this embodiment uses, for example, a honeycomb type substrate made of 
cordierite, and an alumina layer which act as a carrier for the catalyst is coated on the eel! surface of the honeycomb 

10 substrate. On this carrier, at least one substance selected from elements belong to the fourth period or the eighth group 
in the periodic table of elements, such as copper Cu, chrome Cr, vanadium V, titanium Ti, iron Fe, nickel Ni, cobalt Co, 
platinum Pt, palladium Pd, rhodium Rh and iridium Ir are carried as a catalyst. 

If the exhaust gas purifying catalyst formed as in the above mentioned manner is referred to as an NH 3 • NOx puri- 
fying catalyst, the NH 3 • NOx purifying catalyst is capable of converting all the NH 3 component in the exhaust gas f low- 

15 ing into the NHj • NO* purifying catalyst to N 2 provided that the exhaust gas is under an oxidizing atmosphere and the 
temperature of the catalyst is within a specific temperature range as determined by the substance being used as the 
catalyst. Therefore, when the exhaust gas is under an oxidizing atmosphere containing an NH 3 component and flows 
through the NH 3 • NOx purifying catalyst in this temperature range, the NH 3 component in the exhaust gas is almost 
completely resolved, and the exhaust gas flowing out from the NH 3 • NOx purifying catalyst contains no NH 3 compo- 

20 nent In the explanation below, this temperature range in which the NH 3 • NOx purifying catalyst can resolve all the NH 3 
component in the exhaust gas is called an optimum temperature range. 

When the temperature of the NH 3 • NOx purifying catalyst is higher than the optimum temperature range, the NH 3 
component in the exhaust gas flowing into the NH 3 • NQx purifying catalyst is oxidized by the NH 3 • NOx purifying cata- 
lyst and NOx components are produced. 

25 Namely, when the temperature of the NH 3 • NOx purifying catalyst is higher than the optimum temperature range, 
the oxidizing reaction of the NH 3 component, i.e.. the above-mentioned reactions (7) and (8) become dominant on the 
NH 3 • NOx purifying catalyst, and the amount of NOx components, mainly NO and N0 2 . in the exhaust gas flowing out 
from the NH 3 • NOx purifying catalyst increase. 

Further, when the temperature of the Nhb • NOx purifying catalyst is lower than the optimum temperature range, 

30 the oxidizing reaction of the NH 3 component (7) and (8) becomes lower, and the amount of the NH 3 component in the 
exhaust gas flowing out from the Nh^ • NOx purifying catalyst increases. 

Rg. 27 schematically illustrates the variation in the characteristics of the NH 3 • NOx purifying catalyst in accordance 
with the change in the temperature. Fig. 27 shows the variation in the concentration of the NH 3 and NO x components 
in the exhaust gas flowing out from the NH 3 • NOx purifying catalyst in accordance with the temperature of the 

35 NH 3 • NOx purifying catalyst when the exhaust gas flowing into the NH 3 * NOx purifying catalyst is under an oxidizing 
atmosphere and the concentration of NH 3 in the exhaust gas is maintained at a constant level. The vertical axis and the 
horizontal axis in Fig. 27 represent the concentration of the respective components in the exhaust gas and the temper- 
ature of the NH 3 • NOx purifying catalyst, respectively. The solid line and the dotted line in Rg. 27 represent the concen- 
trations of the NH 3 component and the NOx components in the exhaust gas flowing out from the NHs • NOx purifying 

40 catalyst, respectively. 

As shown in Fig. 27, provided that the concentration of the NH 3 component in the exhaust gas flowing into the 
NH 3 • NOx purifying catalyst is maintained at a constant level, the concentration of the NH 3 component in the outflowing 
exhaust gas is substantially the same as the concentration of NH 3 in the inflowing exhaust gas in the low temperature 
region (region I in Rg. 27). In this temperature region, the concentration of the NOx components in the outflow exhaust 
45 gas is substantially zero. This means that substantially all of the NH 3 component in the exhaust gas passes through the 
NH 3 • NO x purifying catalyst without reaction when the temperature is low (region I in Fig. 27). 

When the temperature becomes higher than the above low temperature region, the concentration of the NH 3 com- 
ponent in the outflow exhaust gas decreases as the temperature increases, while the concentration of the NOx compo- 
nents is substantially the same (region M in Rg. 27). Namely, in this temperature region, the amount of NH 3 component 
so in the exhaust gas which is converted to N 2 component increases as the temperature increases. 

When the temperature further increases, as shown in region III in Fig. 27, the concentration of NH 3 component in 
the outflow exhaust gas further decreases and the concentration of both the NH 3 and NOx components becomes sub- 
stantially zero. Namely, in this temperature region (region III in Fig. 27), all of the NH 3 component in the exhaust gas 
flowing into the NH 3 • NOx purifying catalyst is resolved (i.e.. converted to N 2 component) by the NH 3 • NOx purifying 
55 catalyst without forming NOx components. 

However, when the temperature becomes higher than this region, the concentration of the NOx components in the 
outflow exhaust gas increases as the temperature increases (region IV in Fig. 27), and all of the NH 3 component in the 
exhaust gas is converted to NOx components by the NH 3 • NOx purifying catalyst in a high temperature region (region 
V in Fig. 27). 
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In this specification, the optimum temperature range of the NH 3 • NOx purifying catalyst is defined as a temperature 
range in which all of the NH 3 component in the exhaust gas is converted to N 2 component without forming any NOx 
component, i.e., such as the temperature range indicated by the temperature region 111 in Fig. 27. 

The optimum temperature range of the NH 3 • NOx purifying catalyst changes according the substance used as cat- 

5 alytic component, and generally starts at a relatively low temperature compared with, for example, the activating tem- 
perature of the TW catalyst. For example, when a substance such as platinum Pt. rhodium Rh, or palladium Pd is used, 
the optimum temperature range is approximately 100 to 400°C (preferably 100 to 300°C and most preferably 100 to 
250°C in case of platinum Pt and preferably 150 to 400°C and most preferably 150 to 300°C in case of rhodium Rh or 
palladium Pd). When a substance such as copper Cu, chrome Cr, or iron is used, the optimum temperature range is 

io approximately 1 50 to 650°C (preferably 1 50 to 500°C). Therefore, if the NH 3 • NOx purifying catalyst is formed as a tan- 
dem compound type catalyst using both types of the catalytic component, i.e. , if the catalytic components such as plat- 
inum Pt are carried on the downstream part of the substrate and the catalytic components such as chrome Cr are 
carried on the upstream part of the substrate, the optimum temperature range of the NH 3 • NOx purifying catalyst can 
be widened as a whole. 

15 The reason why the NH 3 • NOx purifying catalyst converts substantially atl of the NH 3 component in the exhaust 
gas to the N 2 component without producing NOx components only in the specific temperature range is not clear at 
present. However, it is considered that this phenomena is due to the following reason. 

Namely, when the temperature of the NH 3 • NOx purifying catalyst is in the optimum temperature range, the above 
mentioned denitrating reactions (9) and (10) occur on the NHs • NOx purifying catalyst, in addition to the above men- 
20 tioned oxidizing reactions (7) and (8). Due to these denitrating reactions (9) and (10), the NOx components produced 
by the oxidizing reactions (7) and (8) are immediately converted to the N 2 component. Namely, in the optimum temper- 
ature range, a portion of the NH 3 in the exhaust gas flowing into the NH 3 • NOx purifying catalyst is converted to NOx 
by the oxidizing reactions (7) and (8), and this NOx immediately reacts with the remaining NH 3 in the exhaust gas and 
is converted to N 2 by the denitrating reactions (9) and (10). By these sequential reactions, substantially all of the NH 3 
25 in the exhaust gas is converted to when the temperature of the catalyst is within the optimum temperature range. 

When the temperature of the NH 3 • NOx purifying catalyst is above the optimum temperature range, the oxidizing 
reactions (7) and (8) become dominant in the catalyst and the portions of NH 3 which is oxidized by the catalyst 
increases. Thus, the denitrating reactions (9) and (10) hardly occur in the catalyst due to the shortage of NH 3 compo- 
nent in the exhaust gas, and the NOx produced by the oxidizing reactions (7) and (8) flows out from the NH 3 -NOx puri- 
30 tying catalyst without being reduced by the denitrating reactions (9) and (1 0). 

On the other hand, when the temperature of the NH 3 • NOx purifying catalyst is below the optimum temperature 
range, the oxidizing reactions (7) and (8) hardly occur due to the low temperature. This causes the NH 3 in the exhaust 
gas to pass through the NH 3 • NOx purifying catalyst without being oxidized by the NOx due to ft* shortage of the NOx 
in the exhaust gas. 

35 As explained above, the optimum temperature range of the NH 3 • NOx purifying catalyst is a temperature range in 
which the oxidizing reactions of the NH 3 (7) and (8) and the denitrating reactions of the NOx (9) and (1 0) balance each 
other in such a manner that the NOx produced by the oxidation of the Nt4j immediately reacts with NH 3 in the exhaust 
gas without causing any surplus NOx and NH 3- Consequently, the optimum temperature range of the NH 3 • NOx P uri_ 
tying catalyst is determined by the oxidizing ability of the catalyst and its temperature dependency. Therefore, when the 

40 catalyst component having high oxidizing ability, such as platinum Pt, is used, the optimum temperature range becomes 
lower than that when the catalyst component haying relatively low oxidizing ability, such as chrome Cr, is used. 

As explained above, though the mechanism of the phenomenon is not completely clarified, the NH 3 • NOx purifying 
catalyst actually converts all of the NH 3 in the exhaust gas under an oxidizing atmosphere when the temperature is 
within the optimum temperature range. Further, when the NH 3 • NOx purifying catalyst is used in the optimum temper- 

45 ature range the following facts were found in connection with the above phenomenon: 

(a) When the exhaust gas flowing into the NH 3 • NO x purifying catalyst is under an oxidizing atmosphere, i.e., when 
the exhaust gas air-fuel ratio of the inflowing exhaust gas is lean with respect to the stoichiometric air-fuel ratio, sub- 
stantially all of the NH 3 in the exhaust gas is converted to N 2 without producing any NOx- This occurs when the 

so exhaust gas is under an oxidizing atmosphere (a lean air-fuel ratio), but regardless of the degree of leanness of the 
exhaust gas air-fuel ratio of the inflowing exhaust gas. 

(b) When the exhaust gas flowing into the NH 3 • NOx purifying catalyst contains NOx in addition to NH^ all of the 
NOx in tne exhaust gas as well as the NH 3 is converted to Ns, and the concentration of the NOx components in the 
exhaust gas becomes zero. In this case, the ratio of the concentrations of the NOx components and the NH 3 com- 

55 ponent is not necessarily stoichiometric^ for the denitrating reactions (9) and (10) (i.e., 4:3, or 1:1). It is only 
required that the exhaust gas contains an amount of NH 3 more than the amount required for reducing the NOx 
(N0 2 and NO) in the exhaust gas. As explained above, since the surplus NH 3 in the exhaust gas is all converted to 
N 2 when the exhaust gas is under an oxidizing atmosphere, no surplus NH 3 is contained in the exhaust gas flowing 
out from the NH 3 • NOx purifying catalyst even in this case. 
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(c) When the exhaust gas flowing into the NH 3 • NOx purifying catalyst contains HC and CO components, all of the 
HC and CO components are oxidized by the NH 3 • NOx purifying catalyst, provided that the exhaust gas air-fuel 
ratio of the inflowing exhaust gas is lean with respect to the stoichiometric air-fuel ratio, and no HC and CO com- 
ponents are contained in the exhaust gas flowing out from the NH 3 • NOx purifying catalyst. 

5 

However, when the exhaust gas flowing into the NH 3 * NOx purifying catalyst contains both the NH 3 and NOx. it was 
found that the temperature region IV in Fig. 27, i.e., the temperature region in which the concentration of NOx compo- 
nents in the outflow exhaust gas increases as the temperature of the catalyst increases, moves to the lower tempera- 
ture side compared to that when the exhaust gas flowing into the NH 3 • NOx purifying catalyst contains only the NH 3 
10 components. This is because, when the exhaust gas contains NOx ' n addition to NH 3 , the NOx * n the inflowing exhaust 
gas in addition to the NOx produced by the oxidizing reaction of NH 3 must be reduced by the NH 3 in the exhaust gas. 
Consequently, the shortage of the NH 3 is apt to occur in the relatively low temperature region. Therefore, when the 
exhaust gas contains both the NH 3 and the NOx, the optimum temperature range of the NH 3 • NOx purifying catalyst 
becomes narrower. 

is In relation to above (b), a conventional denitrating catalyst, such as a vanadia-titania V 2 0 5 -Ti0 2 type catalyst also 

has a capability for resolving NH 3 and NOx in the exhaust gas with certain conditions. However, in case of the conven- 
tional denitrating catalyst, the amounts of NH 3 and NOx components must be strictly stoichiometrical to react NH 3 with 
NO x without causing any surplus NH 3 and NOx- Namely, when both the N0 2 and NO are contained in the exhaust gas, 
the amount (moles) of the NH 3 in the exhaust gas must be strictly equal to the total of the moles of N0 2 in the exhaust 

20 gas multiplied by 3/4 and the moles of NO in the exhaust gas to react NH 3 and NOx without causing any surplus NH 3 
and NO x . However, in case of the NH 3 • NOx purifying catalyst in the embodiment, if the amount of the NH 3 is more than 
the stoichiometrical compared to the amount of NOx, and if the exhaust gas air-fuel ratio of the inflowing exhaust gas 
is lean, all of the NH 3 and NOx are converted to N 2 without causing any surplus NH 3 and NOx. This is an important 
difference between the NH 3 • NOx purifying catalyst in the present invention and the conventional denitrating catalyst 

25 As explained in Fig. 27. though the NH 3 • NOx purifying catalyst converts all of the NH 3 in the exhaust gas in the 

optimum temperature range, some NH 3 passes through when the temperature is below the optimum temperature 
range. To prevent this outflow of NH 3 in the low temperature region, an acidic inorganic substance may be used. It is 
known in the art that an acidic inorganic substance (which includes Broensted acids such as zeolite, silica Si0 2 . silica- 
alumina Si0 2 -Al 2 0 3 . and titania Ti0 2 as well as Lewis acids including oxides of transition metals such as copper Cu, 

30 cobalt Co, nickel Ni and iron Fe) absorb NH 3 when the temperature is low. Therefore, one or more of these acidic inor- 
ganic substances may be carried on the substrate of the NH 3 • NOx purifying catalyst, or the substrate itself may be 
formed by a porous material made of such acidic inorganic substances to prevent the outflow of NH 3 in the low temper- 
ature region. In this case, the NH 3 component which is not converted to an N 2 component in the temperature region 
below the optimum temperature range is absorbed in the acidic inorganic substances in the NH 3 • NOx purifying cata- 

35 lyst, and the amount of the outflow of the NH 3 from the NH 3 • NOx purifying catalyst in the low temperature region can 
be reduced. The NH 3 absorbed in the acidic inorganic substances is desorbed when the temperature of the Nl-^ • NOx 
purifying catalyst becomes high, or when the concentration of the NH 3 component in the exhaust gas becomes low. 
Therefore, the NH 3 absorbed in the acidic inorganic substance is converted to N 2 by the NH 3 • NOx purifying catalyst 
when it is desorbed from the acidic inorganic substance. When the temperature of the exhaust gas flowing into the 

40 NH 3 • NOx purifying catalyst changes in a wide range, therefore, it is suitable to use these acidic inorganic substances 
to prevent the outflow of NH 3 in low temperature region. 

Further, as long as such desorption occurs, the adsorbed NH 3 amount in the acidic inorganic substance does not 
increase. As a result, the NH 3 • NOx purifying catalyst is prevented from being saturated with NH 3 , that is, NH 3 is pre- 
vented from flowing out from the NH 3 • NOx purifying catalyst without being purified. Thus there is no need for arranging 

45 the NH 3 purifying catalyst downstream of the NH 3 • NOx purifying catalyst, and the structure of the exhaust gas purify- 
ing catalyst is simplified. 

Fig. 28 illustrates further another embodiment. 

Referring to Fig. 28, the rich gas forming device 19 comprises the auxiliary engine, as in the embodiment shown in 
Fig. 1 . However, the exhaust pipe 24 of the auxiliary engine 20 is connected to the exhaust pipe 7 without the switching 
so valve, and thereby the exhaust gas of the auxiliary engine 20 is always introduced to the exhaust pipe 7. 

In this embodiment, the exhaust gas purifying catalyst 14 is composed of an NOx occluding and reducing (NO^ 
OR) catalyst having the NOx occluding function and the catalytic function. The NOx-OR catalyst comprises at least one 
substance selected from alkali metals such as potassium K, sodium Na. lithium Li. and cesium Cs, alkali earth metals 
such as barium Ba and calcium Ca. rare earth metals such as lanthanum La and yttrium Y. and transition metals such 
55 as iron Fe and copper Cu. and of precious metals such as palladium Pd. platinum Pt. rtiodium Rh. and iridium Ir. which 
are carried on a wash coat layer of alumina as a carrier. The NOx-OR catalyst performs the NOx occluding and releas- 
ing function in which it occludes NOx therein when the exhaust gas air-fuel ratio of the inflowing exhaust gas is lean, 
and releases the occluded NOx therefrom when the oxygen concentration in the inflowing exhaust gas becomes lower. 

When the NOx-OR catalyst is disposed in the exhaust passage of the engine, the NOx-OR catalyst actually per- 
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forms the NOx occluding and releasing function, but the detailed mechanism of the function is still unclear. However, it 
can be considered that the function is performed according to the following mechanism. This mechanism will be 
explained by using as an example a case where platinum Pt and barium Ba are carried on the carrier, but a similar 
mechanism is obtained even if another precious metal, alkali metal, alkali earth metal, or rare earth metal is used. 
5 Namely, when the exhaust gas air-fuel ratio of the inflowing exhaust gas flowing to the NOx-OR catalyst 14b 

becomes lean, that is, when the oxygen concentration in the inflowing exhaust gas increases, the oxygen O2 is depos- 
ited on the surface of platinum Pt in the form of O 2 " or 0 2 ". On the other hand, NO in the inflowing exhaust gas reacts 
with O 2 " or 0 2 " on the surface of the platinum Pt and becomes 

10 N0 2 (2NO + 0 2 2N0 2 ) 

. Subsequently, a part of the produced N0 2 is oxidized on the platinum Pt and is occluded into the NOx-OR catalyst. 
While bonding with barium oxide BaO, it is diffused in the NOx-OR catalyst in the form of nitric acid ions N0 3 \ In this 
way, NO x is occluded in the NOx-OR catalyst 14b. 
15 Contrarily, when the oxygen concentration in the inflowing exhaust gas becomes lower and the production of N0 2 
is lowered, the reaction proceeds in an inverse direction 

(N0 3 "->N0 2 ) 

20 , and thus nitric acid ions N0 3 ~ in the NOx-OR catalyst 14b are released in the form of N0 2 from the NOx-OR catalyst 
1 4b. Namely, when the oxygen concentration in the inflowing exhaust gas is lowered, that is, when the exhaust gas air- 
fuel ratio of the inflowing exhaust gas is changed lean to rich, NOx > s released from the NOx-OR catalyst. At this time, 
if the reducing agent, such as NH 3 , exists at the NOx-OR catalyst 14b, NOx ,s reduced and purified by the reducing 
agent. Note that, when the exhaust gas air-fuel ratio of the exhaust gas flowing to the NOx-OR catalyst 1 4b is rich, 

25 hydrocarbon HC, carbon monoxide CO or hydrogen H 2 are contained in the exhaust gas flowing to the NOx-OR cata- 
lyst, as can be seen in Fig. 2(A). It is considered that the HC. CO. etc. act as reducing agents, as well as NH 3 , and 
reduce some of the NOx on the NO x -OR catalyst 14b. However, the reducing ability of NH 3 is higher than that of HC. 
CO. etc.. and thus the NOx °an be reliably purified by using NH 3 as a reducing agent 

Next, the exhaust gas purifying method according to this embodiment will be explained, with reference to Figs. 29 

30 to 31. 

In this embodiment, the main engine 1 , that is, both the first cylinder group 1a and the second cylinder group 1b 
usually perform the lean operations. In this case, the target air-fuel ratio of the main engine M(A/F)T is made equal to 
the constant lean air-fuel ratio (A/F)L, such as 18.5. Contrarily the target air-fuel ratio of the auxiliary engine A(A/F)T is 
usually made equal to the rich air-fuel ratio (A/F)R, that is. the auxiliary engine 20 usually performs the rich operation. 

35 The target air-fuel ratio of the auxiliary engine A(A/F)T is selected to keep the exhaust gas air-fuel ratio of the exhaust 
gas flowing to the TW catalyst 8a at the above-mentioned rich air-fuel ratio (A/F)RR, such as 1 3.8. Accordingly, the NH 3 
synthesizing operation is performed at the TW catalyst 8a, and the NH 3 flows to the NOx-OR catalyst 14b. 

The NH 3 from the TW catalyst 8a and the NOx from tne second cylinder group 1b flow to the NOx-OR catalyst 14b. 
At this time, the exhaust gas air-fuel ratio of the exhaust gas mixture flowing to the NOx-OR catalyst 14b is lean. Thus, 

AO the NH 3 and the NO x are purif ied at the NO X -OR catalyst 14b simultaneously. In the present embodiment, the rich air- 
fuel ratio (A/F)RR, which is the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a, is selected 
to make the NH 3 amount flowing to the NO x -OR catalyst 14b equal to or smaller than that required to reduce the NOx 
amount flowing to the NOx-OR catalyst 14b. In this condition, the excess NOx wrth respect to the NH 3 at the NOx-OR 
catalyst 14b is occluded in the NOx-OR catalyst 14b, and thus, both NOx and NH 3 are prevented from being discharged 

45 from the NO x -OR catalyst 14b. The exhaust gas purifying method in this case is schematically illustrated in Fig. 29. 

Then, the NOx amount occluded in the NOx-OR catalyst 14b, that is, the occluded NOx amount S(NOx), increases, 
and when the NOx-OR catalyst 14b saturates, the NOx will be discharged from the NOx-OR catalyst 14b without being 
purified. Therefore, the occluded NOx amount S(NOx) is first obtained, and when the occluded NOx amount S(NOx) 
exceeds an upper threshold UT(NOx), the exhaust gas air-fuel ratio of the exhaust gas mixture flowing to the NOx-OR 

50 catalyst 14b is made rich, to thereby release the occluded NOx the NOx-OR catalyst 14b. In this condition, the 
exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a is kept at the rich air-fuel ratio, that is. the NH 3 
synthesizing is continued. Thus, the NO x released from the NOx-OR catalyst 14b is purified by the NH 3 in the inflowing 
exhaust gas. Accordingly, both NOx and NH 3 are prevented from being discharged from the NOx-OR catalyst 14b, even 
during the NOx releasing operation. 

55 To make the exhaust gas air-fuel ratio of the exhaust gas mixture flowing to the NOx-OR catalyst 14b. the target air- 
fuel ratio of the main engine M(A/F)T is changed toward the rich side, while the auxiliary engine 20 continuously per- 
forms the rich operation, in this embodiment. The target air-fuel ratio M(A/F)T may be selected as any air-fuel ratio as 
long as the exhaust gas air-fuel ratio of the exhaust gas mixture flowing to the NOx-OR catalyst 14b is kept rich. How- 
ever, the target air-fuel ratio M(A/F)T is made equal to (A/F)P. which is slightly lean, such as 15.0, that is, the main 
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engine 1 performs the slightly lean operation. On the other hand, the auxiliary engine 20 continuously performs the rich 
operation with the constant rich air-fuel ratio (A/F)R. The exhaust gas purifying method in this case is schematically 
illustrated in Fig. 30. 

Alternatively, the main engine 1 may perform the stoichiometric or the rich operation, when the exhaust gas air-fuel 

5 ratic of the exhaust gas flowing to the NOx-OR catalyst 14b is to be made rich. Or. the target air-fuel ratio A(A/F)T of 
the auxiliary engine 20 may be smaller or richer. 

A continuous NOx releasing operation decreases the occluded NOx amount S(NOx). When the occluded NOx 
amount S(NOx) becomes lower than the lower threshold LT (NOx), * n e main engine 1 resumes the lean operation, while 
the auxiliary engine 20 continuously performs the rich operation. 

10 Fig. 31 is a time chart for illustrating the occluded NOx amount S(NOx) of the NOx-OR catalyst 14b. and the target 
air-fuel ratios M(A/F)T and A(A/F)T of the main and the auxiliary engines 1 and 20. In Fig. 31 , the time zero represents 
a time when the occlusion of the excess NOx starts at NOx-OR catalyst 14b. At this time, the target air-fuel ratio of the 
auxiliary engine A(A/F)T is made equal to the rich air-fuel ratio (A/F)R, that is. the auxiliary engine 20 performs the rich 
operation. Contrarily, the target air-fuel ratio of the main engine M(A/F)T is made equal to the lean operation (A/F)U that 

is is. the main engine 1 performs the lean operation. Accordingly, the exhaust gas air-fuel ratio of the exhaust gas mixture 
flowing to the NOx-OR catalyst 14b is made lean. As a result, the occluded NOx amount S(NOx) increases gradually, 
and exceeds the upper threshold UT(NOx) at the time H g". When S(NOx) > UT(NOx). the target air-fuel ratio M(A/F)T is 
maie equal to (A/F)P. and the main engine 1 performs the slightly lean operation. On the other hand, the target air-fuel 
ra1*o 4(A/F)T is ke Pt at the rich air-fuel ratio (A/F)R. As a result, the exhaust gas air-fuel ratio of the exhaust gas mixture 

20 flomng to the NOx-OR catalyst 14b. and thus, the occluded NOx is released from the NOx-OR catalyst 14b. Thus, the 
occluded NOx amount S(NQx) decreases, and becomes lower than the lower threshold LT(NOx) at the time "h". When 
S(NOx) < LT(NOx) at the time V. the target air-fuel ratio M(A/F)T of the main engine 1 is returned to the lean air-fuel 
ratio (A/F)L, to thereby make the exhaust air-fuel ratio of the exhaust gas mixture flowing to the NOx-OR catalyst 14b. 
Note, that target air-fuel ratio of the auxiliary engine A(A/F)T is kept at the rich air-fuel ratio (A/F)R. 

25 The exhaust gas air-fuel ratio of the exhaust gas flowing to the NOx-OR catalyst 14b. that is, the exhaust gas air- 
fuel ratio of the exhaust gas mixture of the main and the auxiliary engines 1 and 20. must be made rich to release the 
occluded NOx from toe NOx-OR catalyst 14b. as mentioned above. Thus, when the amount of the exhaust gas of the 
main engine 1 is relatively large, it is difficult to make the exhaust gas air-fuel ratio of the exhaust gas mixture flowing 
to the NOx-OR catalyst 14b rich, even though the main engine performs the slightly lean operation and the auxiliary 

30 engine 20 performs the rich operation. Therefore, in the present embodiment, the exhaust gas air-fuel ratio of the 
exhaust gas mixture flowing to the NOx-OR catalyst 14b is made rich to release the occluded NOx from the NOx-OR 
catalyst 14b when the exhaust gas amount of the main engine 1 is smaller than a predetermined amount, such as in 
the low load engine operation. As a result, the exhaust gas air-fuel ratio of the exhaust gas flowing to the NOx-OR cat- 
alyst 1 4b is made rich easily and surely. 

35 it is difficult to directly find the occluded NOx amount S(NOx). Thus, in the present embodiment, the occluded NOx 
amount S(NOx) is estimated on the basis of the difference between the NOx and the NH 3 amounts flowing to the NOx- 
OR catalyst 1 4b. Next, the control of the NOx releasing and the calculation of the occluded NOx amount S(NOx) will be 
explained in detail, with reference to Fig. 32. 

Fig. 32 shows a routine for executing the above-mentioned NOx release control. The routine is executed by inter- 

40 ruption every predetermined time. 

Referring to Fig. 32. first, in step 220, it is judged whether the NOx release flag is set. The NOx release flag is set 
when the exhaust gas air-fuel ratio of the exhaust gas flowing to the NOx-OR catalyst 14b is to be made rich, and is 
reset when that exhaust gas air-fuel ratio is to be made lean. When the NOx release flag is reset, the routine goes to 
step 221 , where the discharged NOx amount Ma(NOx) of the first cylinder group 1 a is calculated using the map shown 

45 in Fig. 8(B). In the following step 222, the discharged NOx amount A(NOx) of the auxiliary engine 20 is calculated using 
the map shown in Fig. 9(B). In the following step 223, the coefficient RKK is calculated using the map shown in Fig. 1 0. 
In the following step 224, the inflowing NOx amount Q(NOx) of the TW catalyst 8a is calculated using the following 
equation: 

so Q(NO x ) = Ma(NO x ) + A(NO x ) • RKK 

In the following step 225. the synthesizing efficiency ETA is calculated using the map shown in Fig. 1 1 . In the fol- 
lowing step 226, the inflowing NH 3 amount F(NHa) of the NOx-OR catalyst 14b is calculated using the following equa- 
tion: 

55 

F(NH 3 ) = Q(NO x )-ETA 

In the following step 227, the discharged NOx amount Mb(NOx) of the second cylinder group 1b is calculated using 
the map shown in Fig. 12(B). In the following step 228, Mb(NOx) is memorized as the inflowing NOx amount F(NOx) of 
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the NOy-OR catalyst 14b. In the following step 229. the equivalent coefficient KC is calculated using the map shown in 
Fig 13. In the following step 230, the occluded NOx amount S(NOx) of the NOy-OR catalyst 14b is calculated using the 
following equation: 

5 S(NO x ) = S(NO x ) + {F(NO x ) - F(NH 3 )/KC} • DELTA na 

where DELTAna represents a time interval from the previous processing cycle to the present processing cycle! Namely, 
the NOx amount represented by F(NH 3 )/KC in the NOx flowing to the NOx-OR catalyst 14b is purified, and the remain- 
ing NOx is occluded in the NOx-OR catalyst 14b. In the following step 231, it is judged whether the occluded NOx 

10 amount S(NOx) is larger than the upper threshold UT(NOx). If S(NOx) <> UT(NOx), the processing cycle is ended. That 
is, if S(NOx) ^ UT(NOx). it is judged that the NOx occluding capacity of the NOx-OR catalyst 14b is still large, and the 
exhaust gas air-fuel ratio of the exhaust gas flowing to the NOx-OR catalyst 14b is kept lean, to thereby continue the 
NOx occluding operation of the NOx-OR catalyst 14b. 

Contrarily, if S(NOx) > UT(NOx) in step 231 , the routine goes to step 232, where the NOx release flag is set, and 

is then the processing cycle is ended. That is. when S(NOx) > UT(NOx), it is judged that the NOx occluding capacity of 
NOx-OR catalyst 14b becomes smaller, and the exhaust gas air-fuel ratio of the exhaust gas flowing to the NOx-OR 
catalyst 14b is changed to rich, to thereby release the occluded NOx- 

On the other hand, when the NOx release flag is set in step 220, the routine goes to step 233, where it is judged 
whether the main engine 1 is under the low load operation. When the main engine 1 is in the middle or the high load 

20 operation, the routine goes to step 221 . Namely, when the main engine 1 is in the middle or the high load operation, the 
NOx releasing operation is not performed, but the excess NOx occluding operation is performed, even though the NOx 
release flag is set. Contrarily. when the main engine 1 is in the low load operation, the NOx occluding operation is per- 
formed, and the routine goes from step 233 to step 234, where the released NOx amount D(NOx) of the NOx-OR cat- 
alyst 1 4b is calculated using the map shown in Fig. 33(B). 

25 Fig. 33(A) illustrates the amount of NOx released from the NOx-OR catalyst 14b per unit time D(NOx). obtained by 
experiments. In Fig. 33(A), the solid curve shows the case where the temperature of the NOx-OR catalyst 14b is high, 
and the broken curve shows the case where that temperature is low. Further, in Fig. 33(A). TIME represents a time at 
which the exhaust gas air-fuel ratio of the exhaust gas flowing into the NOx-OR catalyst 14b is changed from lean to 
rich. The decomposition rate of NOx in the NOx-OR catalyst 14b becomes higher as the temperature of the NQx-OR 

30 catalyst 14b becomes higher. Thus, when the temperature of the NOx-OR catalyst 14b, i.e., the temperature TNC of the 
exhaust gas flowing to the NOx-OR catalyst 14b is high as shown by the solid line in Fig. 33(A), a large amount of NOx 
is released from the NOx-OR catalyst 14b in a short time, while when TNC is low as shown by the broken line in Fig. 
33(A), a smaJI amount of NOx is released. In other words, the released NOx amount per unit time D(NOx) becomes 
larger and the exhaust gas temperature TNC becomes higher. The released NOx amount D(NOx) is stored in the ROM 

35 42 as a function of TNC and TIME, in advance in the form of a map as shown in Fig. 33(B). Note that the exhaust gas 
temperature TNC is detected by the temperature sensor 61, as shown in Fig. 28. 

In the following step 235. the occluded NOx amount S(NOx) is calculated using the following equation: 

S(NO x ) = S(NO x ) - D(NO x ) • DELTA nd 

40 

where DELTAnd represents a time interval from the previous processing cycle to the present processing cycle. In the 
following step 236, it is judged whether the occluded NOx amount S(NOx) is smaller than the lower threshold LT(NOx). 
When S(NOx) ^ LT(NOx). the processing cycle is ended. Namely, when S(NOx) £ LT(NOx), it is judged that the NOx 
occluding capacity of the NOx-OR catalyst 14b is still small, and thus the exhaust gas air-fuel ratio of the exhaust gas 

45 flowing to the NOx-OR catalyst 14b is kept rich. As a result, the NOx releasing operation is continued. 

When S(NOx) < LT(NOx). the routine goes to step 237, where the NOx release flag is reset, and then the process- 
ing cycle is ended. Namely, when S(NOx) < LT(NOx), it is judged that the NOx occluding capacity of the NOx-OR cata- 
lyst 14b is sufficiently large, and the exhaust gas air-fuel ratio of the exhaust gas flowing to the NOx-OR catalyst 14b is 
made lean. As a result, the excess NQx is occluded in the NOx-OR catalyst 14b. 

so Fig. 34 illustrates the routine for calculating the fuel injection time MTAU for the main engine 1. The routine is exe- 
cuted by interruption every predetermined crank angle. 

Referring to Fig. 34, first, in step 240, the basic fuel injection time MTB is calculated using the following equation: 

MTB = (MQ/MN) • K 

55 

In the following step 241, it is judged whether the fuel injection time MTAU to be calculated in this processing cycle is 
for the first cylinder group 1a or for the second cylinder group 1b. If MTAU is for the first cylinder group 1a, the routine 
goes to step 242, where the feedback correction coefficient FAFA for the first cylinder group 1a is calculated. In the fol- 
lowing step 243, FAFA is memorized as FAF. Then, the routine goes to step 246. 
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Contrarily, in step 241 , if MTAU is for the second cylinder group 1b. the routine goes to step 244. where the feed- 
back correction coefficient FAFB for the second cylinder group 1 b is calculated. In the following step 245. FAFB is mem- 
orized as FAR Then, the routine goes to step 246. 

In step 246. it is judged whether the NOx release flag, which is set or reset in the routine shown in Fig. 33. is set. If 
5 the NOx release flag is set. the routine goes to step 247. it is judged whether the main engine 1 is under the low load 
operation. When the main engine 1 is under the low load operation, the routine goes to step 248, where (A/F)P is mem- 
orized as the target air-fuel ratio M(A/F)T of the main engine 1. Therefore, when the NOx release flag is set and the 
main engine 1 is under the low load operation, the main engine 1 performs the slightly lean operation, to make the 
exhaust gas air-fuel ratio of the exhaust gas flowing to the NOx-OR catalyst 14b rich. Accordingly, the NOx releasing 
io operation of the NOx-OR catalyst 14b is performed. 

Contrarily, when the NOx release flag is reset in step 246 or when the main engine 1 is in the middle or the high 
load operation, the routine goes to step 249, where the target air-fuel ratio M(A/F)T tor the main engine 1 is made equal 
to the lean air-fuel ratio (A/F)L, and the main engine 1 performs the lean operation. Therefore, the exhaust gas air-fuel 
ratio of the exhaust gas flowing to the NOx-OR catalyst 14b is made lean, and the excess NOx te occluded in the NOx* 
15 OR catalyst 14b. Then, the routine goes to step 250. 

In step 250. the fuel injection time MTAU is calculated using the following equation: 

MTAU = MTB • ((A/F)S/M(A/F)T) • MFAF 

20 Each fuel injector 5 injects the fuel for the fuel injection time MTAU. 

Fig. 35 illustrates a routine for calculating the fuel injection time ATAU of the auxiliary engine 20. This routine is exe- 
cuted by interruption every predetermined crank angle of the auxiliary engine 20. 

Referring to Fig. 35. first, in step 260, the basic fuel injection time ATB is calculated using the following equation: 

25 ATB = (AQ/AN) • K 

In the following step 261 . the feedback correction coefficient AFAF is calculated. In the following step 262, the rich 
air-fuel ratio (AfF)RB is calculated using the map shown in Fig. 4(B). In the following step 263, the coefficient RK is cal- 
culated using the map shown in Fig. 5(B). In the following step 264, the rich air-fuel ratio (A/F)R is calculated using the 
30 following equation: 

(A/F)R = (A/F)RB • RK 

In the following step 265, the target air-fuel ratio A(A/F)T is memorized as A(A/F)R. Then, the routine goes to step 266. 
35 In step 266, the fuel injection time ATAU is calculated using the following equation: 

ATAU = ATB • ((A/F)S/A(A/F)T) • AFAF 

Fuel is injected from the fuel injector 23 for a period of this fuel injection time ATAU. 
40 As mentioned above, if the main engine 1 performs the slightly lean operation when the occluded NOx is to be 
released from the NOx-OR catalyst 14b, the NOx amount discharged from the second cylinder group 1b and flowing to 
the NOx-OR catalyst 14b is reduced. Therefore, the NOx released from the NOx-OR catalyst 14b is sufficiently purified. 

In the present embodiment, the exhaust gas of the auxiliary engine 20 is continuously introduced to the exhaust 
pipe 7 and the NH 3 synthesizing is continuously performed at the TW catalyst 8a. Alternatively, the switching valve 25 
45 and the additional TW catalyst 29a as in the engine shown in Fig. 1 may be provided to introduce the exhaust gas of 
the auxiliary engine 20 to the additional TW catalyst 29a usually, and to the exhaust gas of the auxiliary engine 20 per- 
forming the rich operation to the exhaust pipe 7 to thereby synthesis NH 3 temporarily, only when the occluded NOx © 
to be released from the NOx-OR catalyst 14b. Note that the other constructions and the operation of the exhaust gas 
purifying device are the same as those in the embodiment shown in Fig. 1 , and thus the explanations therefor are omit- 
so ted. 

Fig. 36 illustrates still another embodiment. 

Referring to Fig. 36, the rich exhaust gas synthesizing device 19 is provided with a burner 110 capable of control- 
ling the air-fuel ratio. The exhaust passage of this burner 1 10 is connected to the TW catalyst 8a forming the NH 3 syn- 
thesizing catalyst 8, via the exhaust pipe 111. Each cylinder of the engine 1 is connected to the exhaust manifold 10 
55 common to all cylinders. The TW catalyst 8a and the exhaust manifold 10 are connected to the NH 3 -AO catalyst 14a 
forming the exhaust gas purifying catalyst 1 4, via the interconnecting exhaust pipe 1 3. Note that the burner 110 is elec- 
trically connected to the output port 46 of the electronic control unit 40 via the drive circuit 59 and is controlled in accord- 
ance with the output signal output from the electronic control unit 40. 

All cylinders of the main engine 1 usually perform the lean operation continuously. That is, the target air-fuel ratio 
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of each cylinder of the main engine 1 is kept at, for example, a predetermined, constant lean air-fuel ratio (A/F)L On 
the other hand, the burner 110 continuously performs a rich operation. That is, the target air-fuel ratio of the burner 1 10 
is kept at. for example, a predetermined, constant rich air-fuel ratio (A/F)R. The engine air-fuel ratio of the main engine 
1 is controlled in accordance with the output signal of the air-fuel ratio sensor 50, and that of the burner 1 10 is controlled 

5 in accordance with the output signal of the air-fuel ratio sensor 56 arranged in the exhaust pipe 1 1 1 . An air amount fed 
to the burner 110 is made constant. Therefore, the burner 1 10 is operated in a steady condition. 

The air-fuel ratio of the burner 1 1 0 conforms to the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW 
catalyst 8a. When the burner 1 10 performs the rich operation and the exhaust gas air-fuel ratio of the exhaust gas flow- 
ing to the TW catalyst 8a is made rich, the TW catalyst 8a synthesizes NH 3 from the inflowing NOx, and the NH 3 flows 

io to the NH 3 -AO catalyst 14a. At this time, the exhaust gas of the main engine 1 flows to the NH 3 -AO catalyst 14a, and 
the exhaust gas air-fue! ratio of the exhaust gas mixture flowing to the NH 3 -AO catalyst 14a is kept lean. As a result, at 
the NH3-AO catalyst 14a. NOx in the inflowing exhaust gas is reduced by the inf towing NH 3 . Therefore, it is possible to 
prevent NOx and NH 3 from flowing out of the NH 3 -AO catalyst 14a without being purified. Fig. 37 schematically illus- 
trates the exhaust gas purifying method in the above case. 

is The excess NH 3 in the NH 3 fed to the NH 3 -AO catalyst 14a is adsorbed in the NH 3 -AO catalyst 14a. As a result, 
the NH 3 adsorbing capacity of the NH 3 -AO catalyst 14a is gradually lowered. Therefore, when the adsorbed NH 3 
amount of the NH 3 -AO catalyst 14a exceeds the upper threshold, the combustion of the burner 110 is stopped, to 
thereby stop feeding of the exhaust gas of the burner 1 10 to the TW catalyst 8a. When the feeding of the exhaust gas 
of the burner 1 1 0 to the TW catalyst 8a is stopped, the NH 3 synthesizing at the TW catalyst 8a is stopped and the NH 3 

20 feeding to the NH 3 -AO catalyst 14a is stopped. As a result, the adsorbed NH 3 is desorbed from the NH 3 -AO catalyst 
14a. The desorbed NH 3 reduces NOx ' n toe exhaust gas of the main engine 1 flowing to the NH 3 -AO catalyst 14a. 
Therefore, also in this case, it is possible to prevent NOx and NH 3 from flowing out of the NH 3 -AO catalyst 14a without 
being purified. Fig. 38 schematically illustrates the exhaust gas purifying method in the above case. 

When the amount of NH 3 adsorbed in the NH 3 -AO catalyst 1 4a becomes lower than the lower threshold, the com- 

25 bustion of the burner 1 10 is resumed, to synthesize NH 3 at the TW catalyst 8a, to thereby feed the NH 3 to the NH 3 -AO 
catalyst 14a. 

Fig. 39 is a time chart illustrating the adsorbed NH 3 amount S(NH 3 ) of the NH 3 -AO catalyst 14a and the operation 
of the burner 1 1 0. In Fig. 39, the time zero represents the time at which the burner 1 1 0 is turned ON, that is, starts "its 
operation, and the exhaust gas of the burner 1 10 is fed to the TW catalyst 8a. When the burner 1 10 is operated, the 
30 burner 110 performs the rich operation. Thus, NH 3 is synthesized at the TW catalyst 8a, and then flows to the NH 3 -AO 
catalyst 14a. Therefore, the adsorbed NH 3 amount S(NH 3 ) of the NH 3 -AO catalyst 14a gradually increases and 
exceeds the upper threshold UT(NH 3 ) at the time "d". When S(NH 3 ) > UT(NH 3 ), the burner 1 10 is turned OFF, that is, 
stops its operation. As a result, NH 3 adsorbed in the NH 3 -AO catalyst 14a is gradually desorbed. Accordingly, the 
adsorbed NH 3 amount S(NH 3 ) is gradually reduced. At the time "e", the adsorbed amount S(NH 3 ) becomes lower than 
35 the lower threshold LT(NH 3 ). When S(NH 3 ) < LT(NH 3 ), the burner 1 1 0 is turned ON again. On the other hand, the main 
engine 1 continuously performs the lean operation. 

Next, referring to Fig. 40. the control of the burner 1 10 will be explained in detail. The routine shown in Fig. 40 is 
executed by interruption every predetermined time. 

Referring to Fig. 40, first, in step 120, it is judged whether the burner 1 10 is turned OFF (stopped). When the burner 
40 1 10 is turned ON (operated), that is. when NH 3 is synthesized at the TW catalyst 8a and this NH 3 flows to the NH 3 -AO 
catalyst 14a. the processing cycle goes to step 121 , where the discharged NOy amount of the burner 1 10 per unit time 
B(NOx) is calculated using the map shown in Fig. 25. In the following step 121a, B(NOx) is memorized as the inflowing 
NOx amount Q(NOx) of the TW catalyst 8a. 

In this embodiment, the amount of air and the air-fuel ratio of the burner 110 are kept constant. Consequently. 
45 Q(NOx) is also kept constant. 

in the following step 122, the conversion efficiency ETA of the TW catalyst 8a is calculated using the map shown in 
Fig. 11. In the following step 123, the inflowing amount F(NH 3 ) of the NH 3 -AO catalyst 14a is calculated using the fol- 
lowing equation: 

so F(NH 3 ) = Q(NO x )-ETA 

In the following step 124, an amount MM(NOx) of NOx discharged from the main engine 1 per unit time is calcu- 
lated using the map shown in Fig. 41(B). 

Fig. 41(A) illustrates the relationships, obtained by experiment, between the discharged NOx amount MM(NOx) of 
55 the main engine 1 . and the engine toad MQ/MN and the engine speed MN, with the constant lean air-fuel ratio. In Fig. 
41(A), each curve shows the identical amount of NOx. As shown in Fig. 41(A), the discharged NOx amount MM(NOx) 
of the main engine 1 increases as the engine load MQ/MN increases, and also increases as the engine speed MN 
increases. Note that the discharged NOx amount MM(NOx) shown in Fig. 41(A) is stored in the ROM 42 in advance in 
the form of a map shown in Fig. 41(B). 
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In the following step 125, the discharged NOx amount MM(NOx) is memorized as the inflowing NOx amount 
F(NOx) °f fo Q NH 3 -AO catalyst 14a. In the following step 126. the equivalent coefficient KC is calculated using the map 
shown in Fig. 13. In the following step 127, the adsorbed NH 3 amount S(NH 3 ) of the NH 3 -AO catalyst 14a is calculated 
using the following equation: 

5 

S(NH 3 ) = S(NH 3 ) + {F(NH 3 ) - KC * F(NO x )} • DELTAaa 

where DELTAaa is a time interval from the previous processing cycle to the present processing cycle. In the following 
step 128, where it is judged whether the adsorbed NH 3 amount S(NH 3 ) is larger than the upper threshold UT(NH 3 ). 
10 When S(NH 3 ) <> UJ{HH^ 9 the processing cycle |s ended. That is, when S(NH 3 ) <> UT(NH 3 ), it is judged that the NH 3 
adsorbing capacity of the NH 3 -AO catalyst 14a is still large, and the burner 1 10 is kept to be turned ON, to thereby con- 
tinue the NH 3 synthesizing operation at the TW catalyst 8a. As a result, NH 3 is continuously fed to the NH 3 -AO catalyst 
14a. 

Contrarily, when SfNhy > UT(NH 3 ) in step 128, the routine goes to step 129, where the burner 1 10 is turned OFF 
is (stopped), and then the processing cycle is ended. That is, when S(NH3) > UTflMhy, it is judged that the NH 3 adsorbing 
capacity of the NH 3 -AO catalyst 14a is made smaller, and thus the NH 3 synthesizing operation at the TW catalyst 8a is 
stopped. As a result, the feeding of NH 3 to the NH 3 -AO catalyst 14a is stopped. 

On the other hand, when the burner 1 10 is turned OFF in step 120, the routine goes to step 130, where the des- 
orbed NH 3 amount D(NH 3 ) of the NH 3 -AO catalyst 1 4a is calculated using the map shown in Fig. 1 4(B). In the following 
20 step 131 , the adsorbed NH 3 amount SfNHg) is calculated using the following equation: 

S(NH 3 ) = S(NH 3 ) - D(NH 3 ) • DELTAad 

where DELTA ad is a time interval from the previous processing cycle to the present processing cycle. In the following 
25 step 132, it is judged whether the adsorbed NH 3 amount S(NH3) is smaller than the lower threshold LT(NH 3 ). When 
S(NH 3 ) £ LT(NH 3 ), the processing cycle is ended. That is. when S(NH 3 ) £ LTfNHs), it is judged that the NH 3 adsorbing 
capacity of the NH 3 -AO catalyst 14a is still small, and the burner 1 10 is kept turned OFF. to thereby stop the NH 3 syn- 
thesizing operation at the TW catalyst 8a continuously. 

Contrarily. when SfNI-y < LT(NH 3 ) in step 132, the routine goes to step 133, where the burner is turned ON, and 
30 then the processing cycle is ended. That is. when SfNI-y < LT(NH 3 ), it is judged that the NH 3 adsorbing capacity of the 
NH3-AO catalyst 14a becomes sufficiently large, and the feeding of NH 3 to the NH 3 -AO catalyst 14a is resumed. As a 
result/the feeding NH 3 to the NH 3 -AO catalyst 14a is resumed. Note that the other constructions and the operation of 
the exhaust gas purifying device are the same as those in the embodiment shown in Fig. 1 , and thus the explanations 
therefor are omitted. 
35 Ftg. 42 illustrates still another embodiment 

Referring to Fig. 42, the engine shown in Fig. 42 is different from that shown in Fig. 36 in that the interconnecting 
pipe 1 3 is connected to the NOx-OR catalyst 14b which simultaneously forms the exhaust gas purifying catalyst 14 and 
the occlusive material. 

Also in this embodiment, the main engine 1 , that is, the first and the second cylinder groups 1 a and lb, usually per- 

40 forms the lean operation continuously. The target air-fuel ratio of the main engine M(A/F)T is set at the predetermined, 
constant lean air-fuel ratio ( A/F) L, such as 1 8.5. Contrarily, the air-fuel ratio A(A/F)/T of the burner 1 1 0 is set the above- 
mentioned rich air-fuel ratio (A/F)RR, such as 13.8. As a result. NH 3 is synthesized at the TW catalyst 8a, and then 
flows to the NOx-OR catalyst 1 4b 

The NH 3 from the TW catalyst 8a and the NOx frorn main engine 1 flow to the NOx-OR catalyst 14b. At this 

45 time, the exhaust gas air-fuel ratio of the exhaust gas mixture flowing to the NOx-OR catalyst 1 4b is lean. Thus, the NH 3 
and the NOx are purified at the NOx-OR catalyst 14b simultaneously. In the present embodiment, the rich air-fuel ratio 
(A/F)RR, which is the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a, is selected to make 
the NH 3 amount flowing to the NOx-OR catalyst 1 4b being equal to or smaller than that required to reduce the NOx 
amount flowing to the NOx-OR catalyst 14b. In this condition, the excess NOx witn respect to the NH 3 at the NOx-OR 

so catalyst 1 4b is ocduded in the NOx-OR catalyst 14b, and thus, both NOx and NH 3 are prevented from being discharged 
from the NOx-OR catalyst 14b. The exhaust gas purifying method in this case is schematically illustrated in Fig. 43. 

When the occluded NOx amount S(NOx) increases and the NOx-OR catalyst 14b saturates, the NOx wi, > be dis- 
charged from the NOx-OR catalyst 14b without being purified. Therefore, the occluded NQx amount S(NOx) is first 
obtained, and when the occluded NOx amount S(NOx) exceeds an upper threshold UT(NOx). the exhaust gas air-fuel 

55 ratio of the exhaust gas mixture flowing to the NOx-OR catalyst 14b is made rich, to thereby release the occluded NOx 
from the NOx-OR catalyst 14b. In this condition, the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW cat- 
alyst 8a is kept at the rich air-fuel ratio, that is, the NH 3 synthesizing is continued. Thus, the NOx released from the NOx- 
OR catalyst 1 4b is purified by the NH 3 in the inflowing exhaust gas. Accordingly, both NOx and NH 3 are prevented from 
being discharged from the NOx-OR catalyst 14b, even during the NOx releasing operation. 
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To make the exhaust gas air-fuel ratio of the exhaust gas mixture flowing to the NOx-OR catalyst 14b, the target air- 
fuel ratio of the main engine M(A/F)T is changed toward the rich side, while the burner 110 continuously performs the 
rich operation, in this embodiment. The target air-fuel ratio M(A/F)T may be selected to any air-fuel ratio as long as the 
exhaust gas air-fuel ratio of the exhaust gas mixture flowing to the NOx-OR catalyst 1 4b is kept rich. However, the target 
5 air-fuel ratio M(A/F)T is made equal to (A/F)P, which is slightly lean, such as 15.0, that is, the main engine 1 performs 
the slightly lean operation. On the other hand, the burner 1 1 0 continuously performs the rich operation with the constant 
rich air-fuel ratio (A/F)R. The exhaust gas purifying method in this case is schematically illustrated in Fig. 44. 

Alternatively, the main engine 1 may perform the stoichiometric or the rich operation, when the exhaust gas air-fuel 
ratio of the exhaust gas flowing to the NOx-OR catalyst 14b is to be made rich. Or, the target air-fuel ratio A(A/F)T of 
10 the burner 1 10 may be smaller or richer. 

A continuous NOx releasing operation decreases the occluded NOx amount S(NOx). When the ocduded NOx 
amount S(NOx) becomes lower than the lower threshold LT (NOx), the ma ' n engine 1 resumes the lean operation, while 
the burner 1 10 continuously performs the rich operation. 

Fig. 45 shows a routine for executing the above-mentioned NOx release control. The routine is executed by inter- 
is ruption every predetermined time. 

Referring to Ftg. 45, first, in step 270, it is judged whether the NOx release flag is set. The NOx release flag is set 
when the exhaust gas air-fuel ratio of the exhaust gas mixture flowing to the NOx-OR catalyst 14b is to be made rich, 
and is reset when that exhaust gas air-fuel ratio is to be made lean. When the NOx release flag is reset, the routine 
goes to step 271 , where the discharged NO x amount B(NOx) of the burner 1 10 is calculated using the map shown in 
20 Fig. 25. In the following step 271a, B(NOx) is memorized as the inflowing NOx arnount Q(NOx) of the TW catalyst 8a. 
In the following step 272, the synthesizing efficiency ETA is calculated using the map shown in Fig. 11. In the following 
step 273, the inflowing NH 3 amount F(NH 3 ) of the NOx-OR catalyst 14b is calculated using the following equation: 

F(NH 3 )=Q(NO x )-ETA 

25 

In the following step 274, the discharged NOx amount MM(NOx) of the main engine 1 is calculated using the map 
shown in Fig. 41 (B). In the following step 275. MM(NOx) is memorized as the inflowing NOx amount F(NOx) of the NOx- 
OR catalyst 14b. In the following step 276, the equivalent coefficient KC is calculated using the map shown in Fig. 13. 
In the following step 277, the occluded NOx amount S(NOx) of the NOx-OR catalyst 14b is calculated using the follow- 
30 ing equation: 

S(NO x ) = S(NO x ) + {F(NO x ) - F(NH 3 )/KC} • DELTAna 

where DELTAna represents a time interval from the previous processing cycle to the present processing cycle. In the 

35 following step 278, it is judged whether the occluded NOx amount S(NOx) is larger than the upper threshold UT(NOx). 
If S(NOx) ^ UT(NOx), the processing cycle is ended. That is, if S(NOx) £ UT(NOx), it is judged that the NOx occluding 
capacity of the NOx-OR catalyst 14b is still large, and the exhaust gas air-fuel ratio of the exhaust gas flowing to the 
NOx-OR catalyst 14b is kept lean, to thereby continue the NOx occluding operation of the NOx-OR catalyst 14b. 

Contrarily, rf S(NOx) > UT(NOx) in step 278, the routine goes to step 279, where the NOx release flag is set, and 

40 then the processing cycle is ended. That is, when S(NOx) > UT(NOx), it is judged that the NOx occluding capacity of 
NOx-OR catalyst 14b becomes smaller, and the exhaust gas air-fuel ratio of the exhaust gas flowing to the NOx-OR 
catalyst 14b is changed to rich, to thereby release the occluded NOx- 

On the other hand, when the NOx release flag is set in step 270, the routine goes to step 280, where it is judged 
whether the main engine 1 is under the low load operation, namely, whether the exhaust gas amount is small. When 

45 the main engine 1 is in the middle or the high load operation, the routine goes to step 271. Namely, when the main 
engine 1 is in the middle or the high load operation, the NOx releasing operation is not performed, but the excess NOx 
occluding operation is performed, even though the NOx release flag is set. Contrarily, when the main engine 1 is in the 
low load engine, the NOx occluding operation is performed, and the routine goes from step 280 to step 281 , where the 
released NOx amount D(NOx) of the NOx-OR catalyst 14b is calculated using the map shown in Fig. 33(B). In the fol- 

so lowing step 282, the occluded NOx amount S(NOx) is calculated using the following equation: 

S(NO x ) = S(NO x ) - D(NO x ) • DELTA nd 

where DELTAnd represents a time interval from the previous processing cycle to the present processing cycle. In the 
55 following step 283, it is judged whether the occluded NOx amount S(NOx) is smaller than the lower threshold LT(NOx). 
When S(NOx) £ LT(NO><), the processing cycle is ended. Namely, when S(NOx) £ LT(NOx). it is judged that the NOx 
occluding capacity of the NOx-OR catalyst 14b is still small, and thus the exhaust gas air-fuel ratio of the exhaust gas 
flowing to the NOx-OR catalyst 14b is kept rich. As a result, the NOx releasing operation is continued. 

When S(NOx) < LT(NOx) in step 283, the routine goes to step 284, where the NOx release flag is reset, and then 
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the processing cycle is ended. Namely, when S(NOx) < LT(NOx), rt ' s judged that the NOx occluding capacity of the 
NOx-OR catalyst 14b is sufficiently large, and the exhaust gas air-fuel ratio of the exhaust gas flowing to the NOx-OR 
catalyst 14b is made lean. As a result, the excess NOx is occluded in the NOx-OR catalyst 14b. 

Fig. 46 illustrates the routine for calculating the fuel injection time MTAU for the main engine 1 . The routine is exe- 
s cuted by interruption every predetermined crank angle. 

Referring to Fig. 46, first, in step 290, the basic fuel injection time MTB is calculated using the following equation: 

MTB = (MQ/MN) • K 

10 In the following step 290a, the feedback correction coefficient MFAFA for the main engine 1 is calculated on the 
basis of the output signal of the air-fuel ratio sensor 50. 

In the following step 291 , it is judged whether the NOx release flag, which is set or reset in the routine shown in Fig. 
45, is set. If the NOx release flag is set, the routine goes to step 292, it is judged whether the main engine 1 is under 
the low load operation. When the main engine 1 is under the low load operation, the routine goes to step 293, where 

15 (A/F)P is memorized as the target air-fuel ratio M(A/F)T of the main engine 1. Therefore, when the NOx release flag is 
set and the main engine 1 is under the low load operation, the main engine 1 performs the slightly lean operation, to 
make the exhaust gas air-fuel ratio of the exhaust gas flowing to the NOx-OR catalyst 14b rich. Accordingly, the NOx 
releasing operation of the NOx-OR catalyst 14b is performed. Then, the routine goes to step 295. 

Contrarily, when the NOx release flag is reset in step 291 or when the main engine 1 is in the middle or the high 

20 load operation in step 292, the routine goes to step 294, where the target air-fuel ratio M(A/F)T for the main engine 1 is 
made equal to the lean air-fuel ratio (A/F)L, and the main engine 1 performs the lean operation. Therefore, the exhaust 
gas air-fuel ratio of the exhaust gas flowing to the NOx-OR catalyst 14b is made lean, and the excess NOx is occluded 
in the NOx-OR catalyst 14b. Then, the routine goes to step 295. 

In step 295, the fuel injection time MTAU is calculated using the following equation: 

25 

MTAU = MTB • ((A/F)S/M(A/F)T) • MFAF 

Each fuel injector 5 injects the fuel for the fuel injection time MTAU. Note that the other constructions and the operation 
of the exhaust gas purifying device are the same as those in the embodiment shown in Fig. 1 , and thus the explanations 
30 therefor are omitted. 

In the embodiments mentioned above, the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 
8a is made rich by the exhaust gas discharged from the auxiliary engine 20 or the burner 20 performing the rich oper- 
ation. Alternatively, the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a may be made rich by 
injecting fuel into the exhaust pipe 7. Or, the exhaust gas air-fuel ratio of the exhaust gas flowing to the TW catalyst 8a 

35 may be made rich by providing the burner in the exhaust gas passage upstream of the TW catalyst 8a to consume oxy- 
gen in the exhaust gas flowing therethrough. 

A device for purifying the exhaust gas of an engine having a plurality of cylinders divided into first and second cyl- 
inder groups, the first and the second cylinder groups being connected to first and second exhaust passage, respec- 
tively, and performing a lean operation, comprises an NH 3 synthesizing catalyst arranged in the first exhaust passage, 

40 and an exhaust gas purifying catalyst arranged in an interconnecting passage, which interconnects the first passage 
downstream of the NH 3 synthesizing catalyst and the second exhaust passage, for purifying the inflowing NOx ar| d 
NH 3 . An additional engine performing a rich operation is provided and the exhaust gas thereof is fed to the first exhaust 
gas passage upstream of the NH 3 synthesizing catalyst to make the exhaust gas air-fuel ratio of the exhaust gas flowing 
into the NH 3 synthesizing catalyst rich, to thereby synthesize NH 3 therein. An amount of NH 3 or NOx flowing into the 

45 exhaust gas purifying catalyst is obtained, and the additional engine is controlled in accordance with the obtained NH 3 
or NOx amount to control the amount of the reducing agent flowing to the exhaust gas purifying catalyst. 

Claims 

so 1. A device for purifying an exhaust gas of an engine having a plurality of cylinders divided into first and second cyl- 
inder groups, the first and the second cylinder groups being connected to first and second exhaust passage, 
respectively, and performing a lean operation, the device comprising: 

an Nhb synthesizing catalyst arranged in the first exhaust passage, the NH 3 synthesizing catalyst synthesizing 
55 NHs from at least a part of NOx in the inflowing exhaust gas when the exhaust gas air-fuel ratio of the inflowing 

exhaust gas is rich, and passing through NOx in tn e inflowing exhaust gas when the exhaust gas air-fuel ratio 
of the inflowing exhaust gas is lean; 

an interconnecting exhaust passage interconnecting the first passage downstream of the NH 3 synthesizing 
catalyst and the second exhaust passage; 
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an exhaust gas purifying catalyst arranged in the interconnecting passage for purifying the inflowing NOx and 
NH 3 ; 

rich gas forming means, which is different from the engine, for supplying a reducing agent to the first exhaust 
gas passage upstream of the NH 3 synthesizing catalyst to make the exhaust gas air-fuel ratio of the exhaust 
gas flowing into the NH 3 synthesizing catalyst rich; and 

reducing agent amount control means for obtaining an amount of NH 3 or NOx flowing into the exhaust gas puri- 
fying catalyst, and controlling the rich gas forming means in accordance with the obtained NH 3 or NOx amount 
to control the amount of the reducing agent supplied into the first exhaust passage to control the amount of the 
reducing agent flowing to the exhaust gas purifying catalyst. 

A device according to claim 1 , wherein the exhaust gas purifying catalyst comprises an adsorbent, the adsorbent 
adsorbing NH 3 in the inflowing exhaust gas therein, and desorbing the adsorbed NH 3 therefrom when the NH 3 con- 
centration in the inflowing exhaust gas becomes lower, wherein the reducing agent amount control means obtains 
the amount of NH 3 adsorbed in the adsorbent and controls the rich gas forming means in accordance wfth the 
adsorbed NH 3 amount to control the amount of the reducing agent supplied into the first exhaust passage. 

3. A device according to claim 2, wherein the exhaust gas air-fuel ratio of the exhaust gas flowing to the NH 3 synthe- 
sizing catalyst is made lean to stop feeding the NH 3 to the adsorbent to desorb the adsorbed NH 3 from the adsorb- 
ent when the adsorbed NH 3 amount becomes larger than a predetermined upper threshold, and is made rich when 

20 the adsorbed NH 3 amount becomes smaller than a predetermined lower threshold. 

4. A device according to claim 3 wherein the feeding of the reducing agent to the NH 3 synthesizing catalyst is stopped 
to make the exhaust gas air-fuel ratio of the exhaust gas flowing to the NH 3 synthesizing catalyst lean. 

25 5. A device according to claim 2. wherein the reducing agent amount control means comprises NH 3 amount estimat- 
ing means for estimating the amount of NH 3 adsorbed in the adsorbent on the basis of the amounts of NH 3 and 
NOx flowing to the adsorbent. 

6. A device according to claim 2. wherein the adsorbent comprises an NH 3 adsorbing and oxidizing catalyst (NH 3 -AO) 
30 catalyst, the NH 3 -AO catalyst adsorbing NH 3 in the inflowing exhaust gas therein, and desorbing the adsorbed NH 3 

therefrom and oxidizing the NH 3 when the NH 3 concentration in the inflowing exhaust gas becomes lower. 

7. A device according to claim 6. wherein the NH 3 -AO catalyst comprises solid acid such as zeolite, silica, silica-alu- 
mina, and titania, carrying the transition metals such as copper, chrome, vanadium, titanium, iron, nickel, and cobalt 

35 or precious metals such as platinum, palladium, rhodium and iridium. 

8. A device according to claim 2, wherein the amount of NH 3 flowing to the adsorbent is larger than that of NOx flowing 
to the adsorbent. 

40 9. A device according to claim 1, wherein the exhaust gas purifying catalyst comprises an occlusive material, the 
occlusive material occluding NOx < n tne inflowing exhaust gas therein when the exhaust gas air-fuel ratio of the 
inflowing exhaust gas is lean, and releasing the occluded NOx when the exhaust gas air-fuel ratio of the inflowing 
exhaust gas becomes rich, wherein the reducing agent amount control means obtains the amount of NOx occluded 
in the occlusive material and controls the rich gas forming means in accordance with the obtained NOx amount to 

45 control the amount of the reducing agent supplied into the first exhaust passage. 

10. A device according to claim 9, wherein the exhaust gas air-fuel ratio of the exhaust gas flowing to the occlusive 
material is made rich to release the occluded NOx * rom the occlusive material when the occluded NOx amount is 
larger than a predetermined upper threshold, and is made lean when the occluded NOx amount is smaller than a 

so predetermined lower threshold. 

11. A device according to claim 10, wherein the engine performs a slightly lean operation to make the exhaust gas air- 
fuel ratio of the exhaust gas flowing to the occlusive material rich. 

55 12. A device accord ng to claim 10. wherein the NOx releasing operation is carried out when the engine is under the 
low load operation. 

13. A device according to claim 9, wherein the reducing agent amount control means comprises NOx amount estimat- 
ing means for estimating the amount of NOx occluded in the occlusive material on the basis of the amounts of NH 3 
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and NOx flowing to the occlusive material. 

14. A device according to claim 9, wherein the occlusive material comprises a NOx occluding and reducing (NOx-OR) 
catalyst, the NOx-OR catalyst occluding NOx ' n the inflowing exhaust gas therein when the exhaust gas air-fuel 

5 ratio of the inflowing exhaust gas is lean, and releasing the occluded NOx therefrom and reducing the NOx when 

the exhaust gas air-fuel ratio of the inf towing exhaust gas is rich. 

15. A device according to claim 14, wherein the NOx-OR catalyst includes: at least one substance selected from alkali 
metals such as potassium, sodium, lithium, and cesium, alkali earth metals such as barium and calcium, rare earth 

10 metals such as lanthanum and yttrium, and transition metals such as iron and copper; and precious metals such 
as palladium, platinum, iridium, and rhodium. 

1 6. A device according to daim 9, wherein the amount of NH 3 flowing the occlusive material is smaller than that of NOx 
flowing the occlusive material. 

15 

17. A device according to claim 1 , wherein the rich gas forming means comprises a combustor having an exhaust pas- 
sage and performing a rich operation, the exhaust passage of the combustor being connected to the first exhaust 
passage upstream of the NH 3 synthesizing catalyst, and wherein the exhaust gas of the combustor serves as the 
reducing agent. 

20 

18. A device according to claim 17, wherein the combustor is an additional engine having a crank shaft different from 
that of the engine, the output torque of the additional engine being adapted to drive an auxiliary device. 

19. A device according to claim 17, wherein the combustor is a burner. 

25 

20. A device according to claim 1 , further comprising engine air-fuel ratio control means for obtaining an amount of NH 3 
or NOx flowing to the exhaust gas purifying catalyst and controlling the engine air-fuel ratio of at least one of the 
cylinders of the engine, in accordance with the obtained NH 3 or NOx amount. 

30 21 . A device according to claim 20, wherein the engine air-fuel ratio control means comprises an intake air control valve 
for controlling the intake air amount of the cylinder of which the engine air-fuel ratio is to be controlled by the engine 
air-fuel ratio control means, and wherein the intake air control valve is controlled to control the engine air-fuel ratio 
of that cylinder. 

35 22. A device according to claim 1, wherein the NH 3 synthesizing catalyst is a three-way catalyst including at least one 
precious metal such as palladium, platinum, iridium, and rhodium. 

23. A device for purifying an exhaust gas of an engine performing a lean operation, the device comprising: 

40 rich gas forming means, which is different from the engine, for forming the exhaust gas of which the exhaust 

gas air-fuel ratio is rich; 

an NH3 synthesizing catalyst connected to the rich gas forming means, the NH 3 synthesizing catalyst synthe- 
sizing NH 3 from at least a part of NOx * n the inflowing exhaust gas when the exhaust gas air-fuel ratio of the 
inflowing exhaust gas is rich, and passing through NOx in the inflowing exhaust gas when the exhaust gas air- 
45 fuel ratio of the inflowing exhaust gas is lean; 

an interconnecting exhaust passage interconnecting the exhaust gas of the engine and that discharged from 
the NH 3 synthesizing catalyst; 

an exhaust gas purifying catalyst arranged in the interconnecting passage for purifying the inflowing NOx and 
the inflowing NH 3 ; and 

so reducing agent amount control means for obtaining an amount of NH 3 or NOx flowing into the exhaust gas puri- 

fying catalyst, and controlling the rich gas forming means in accordance with the obtained NH 3 or NOx amount 
to control the amount of the reducing agent supplied into the interconnecting passage upstream of the exhaust 
gas purifying catalyst. 

55 24. A device according to claim 23, wherein the exhaust gas purifying catalyst comprises an adsorbent, the adsorbent 
adsorbing NH 3 in the inflowing exhaust gas therein, and desorbing the adsorbed NH 3 therefrom when the NH 3 con- 
centration in the inflowing exhaust gas becomes lower, wherein the reducing agent amount control means obtains 
the amount of NH 3 adsorbed in the adsorbent and controls the rich gas forming means in accordance with the 
adsorbed NH 3 amount to control the amount of the reducing agent supplied into the interconnecting passage. 
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25. A device according to claim 24, wherein the forming of the exhaust gas of which the exhaust gas air-fuel ratio is rich 
is stopped to stop feeding the NH 3 to the adsorbent to desorb the adsorbed NH 3 from the adsorbent when the 
adsorbed NH 3 amount becomes larger than a predetermined upper threshold, and is resumed when the adsorbed 
NH 3 amount becomes smaller than a predetermined lower threshold. 

5 

26. A device according to claim 24, wherein the reducing agent amount control means comprises NH 3 amount estimat- 
ing means for estimating the amount of NH 3 adsorbed in the adsorbent on the basis of the amounts of NH 3 and 
NOx flowing to the adsorbent. 

io 27. A device according to claim 24, wherein the adsorbent comprises an NH 3 adsorbing and oxidizing catalyst (NH 3 - 
AO) catalyst, the NH 3 -AO catalyst adsorbing NH 3 in the inflowing exhaust gas therein, and desorbing the adsorbed 
NH 3 therefrom and oxidizing the NH 3 when the NH 3 concentration in the inflowing exhaust gas becomes lower. 

28. A device according to claim 27, wherein the NH 3 -AO catalyst comprises solid acid such as zeolite, silica, silica-alu- 
15 mina, and titania, carrying the transition metals such as copper, chrome, vanadium, titanium, iron, nickel, and cobalt 

or precious metals such as platinum, palladium, rhodium and iridium. 

29. A device according to claim 24, wherein the amount of NH 3 flowing the adsorbent is larger than that of NOx flowing 
the adsorbent. 

^0 

30. A device according to claim 23, wherein the exhaust gas purifying catalyst comprises an occlusive material, the 
occlusive material occluding NOx ' n the inflowing exhaust gas therein when the exhaust air-fuel ratio of the inflow- 
ing exhaust gas is lean, and releasing the occluded NOx when the exhaust gas air-fuel ratio of the inflowing exhaust 
gas becomes rich, wherein the reducing agent amount control means obtains the amount of NOx occluded in the 

25 occlusive material and controls the rich gas forming means in accordance with the obtained NOx amount to control 
the amount of the reducing agent supplied into the interconnecting passage. 

31. A device according to claim 30, wherein the exhaust gas air-fuel ratio of the exhaust gas flowing to the occlusive 
material is made rich to release the occluded NOx from tne occlusive material when the occluded NOx amount 

30 becomes larger than a predetermined upper threshold, and is made lean when the occluded NOx amount becomes 
smaller than a predetermined lower threshold. 

32. A device according to claim 31 , wherein the engine performs a slightly lean operation to make the exhaust gas air- 
fuel ratio of the exhaust gas flowing to the occlusive material rich. 

35 

33. A device according to claim 31 , wherein the NOx releasing operation is carried out when the engine is under the 
low load operation. 

34. A device according to claim 30, wherein the reducing agent amount control means comprises NOx amount estimat- 
40 ing means for estimating the amount of NOx occluded in the occlusive material on the basis of the amounts of NH 3 

and NO x flowing to the occlusive material. 

35. A device according to claim 30, wherein the occlusive material comprises a NOx occluding and reducing (NOx-OR) 
catalyst, the NOx-OR catalyst occluding NOx in tne inflowing exhaust gas therein when the exhaust gas air-fuel 

45 ratio of the inflowing exhaust gas is lean, and releasing the occluded NOx therefrom and reducing the NOx when 

the exhaust gas air-fuel ratio of the inflowing exhaust gas is rich. 

36. A device according to claim 35, wherein the NOx-OR catalyst includes: at least one substance selected from alkali 
metals such as potassium, sodium, lithium, and cesium, alkali earth metals such as barium and calcium, rare earth 

so metals such as lanthanum and yttrium, and transition metals such as iron and copper; and precious metals such 
as palladium, platinum, iridium, and rhodium. 

37. A device according to claim 30, wherein the amount of NH 3 flowing the occlusive material is smaller than that of 
NOx flowing the occlusive material. 

55 

38. A device according to claim 23, wherein the rich gas forming means comprises a combustor having an exhaust 
passage and performing a rich operation, the exhaust passage of the combustor being connected to the intercon- 
necting passage upstream of the exhaust gas purifying catalyst, and wherein the exhaust gas of the combustor 
serves as the reducing agent. 
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39. A device according to claim 38, wherein the combustor is an additional engine having a crank shaft different from 
that of the engine, the output torque of the additional engine being adapted to drive an auxiliary device. 

40. A device according to claim 38, wherein the combustor is a burner. 

41. A device according to claim 23, further comprising engine air-fuel ratio control means for obtaining an amount of 
NH 3 or NOx flowing to the exhaust gas purifying catalyst and controlling the engine air-fuel ratio of at least one of 
the cylinders of the engine, in accordance with the obtained NH 3 or NOx amount. 

io 42. A device according to claim 41 , wherein the engine air-fuel ratio control means comprises an intake air control valve 
for controlling the intake air amount of the cylinder of which the engine air-fuel ratio is to be controlled by the engine 
air-fuel ratio control means, and wherein the intake air control valve is controlled to control the engine air-fuel ratio 
of that cylinder. 

75 43. A device according to claim 23, wherein the NH 3 synthesizing catalyst is a three-way catalyst including at least one 
precious metal such as palladium, platinum, iridium, and rhodium. 
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Fig. 7 
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